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1. GENERAL DESCRIPTION 


1.1. Basic monitor 


The monitor is designed for use in teaching, research, hospital 
and industrial laboratories. When fitted with a suitable probe it will 
measure contamination down to the accepted levels and indicate y or 
X-ray background intensity. 


The monitor is powered by easily available primary cells or 
may be mains operated from a small power unit similar to those used 
on calculators. In addition rechargeable cells can be used which are 
recharged by using a similar power unit. 


The probe is connected to the monitor by either an extensible 
co-axial cable or a standard cable. It may be used remotely or attached 
to the case by a clip. A meter registers the counting rate on a semi- 
logarithmic scale thus making range changing unnecessary. An internal 
speaker, which may be switched off, gives an audible indication of 
intensity. 


The monitor has a warning alarm adjustable to trip at any 
selected level on the scale. It can be made inoperative during normal 
use but will respond on overload. 


1.2 Probe attachments 


The monitor is available with different probes, each identified 
as a separate model. It is not recommended to exchange probes owing 
to the need to re-adjust the internal controls. This is good radiation 
safety practice as it avoids the monitor being maladjusted when most 
needed. 


The monitor is normally supplied with an extensible cable 
terminated by a PET series 100 plug. Most portable scintillation probes 
having a single output socket are suitable. The following probes were 
designed, or are suitable, for use with this instrument:— 


Mini Instruments:— Y ray probe type 41 & 41S 
X ray probe types 42A & 42B 
y ray well probe type 43 
X ray probe types 44A & 44B 


Nuclear Enterprises:— a ray probes types AP2 & AP3 
B ray probe type BP4 
a- B ray probe type DP2 


Hilger Analytical :— Large area probe type P5525 
The probe may be used further from the monitor than allowed 


by the extensible cable. Up to 15 metres of low capacity co-axial cable 
is acceptable. 


2. OPERATING INSTRUCTIONS 


2.1. Controls 
There are two external controls:— 


(a) A four position rotary switch labelled with symbols OFF, BAT, ON, 
SPEAKER OFF. 


(b) A screwdriver control to set alarm level. 


2.2 Battery 


The state of the battery is indicated on the meter when the 
switch is turned to the position marked “bat”. In this position the 
battery is subjected to a current drain in excess of that used in normal 
use. In order to ensure that the battery is satisfactory the pointer should 
be observed for a short while to see if it falls below the green sector. 
If so the battery should be changed or if rechargeable, put on charge. 


The reading depends upon the type of cell used. New primary 
cells read near the top of the green scale but rechargeables read in the 
middle. 


Battery replacement The battery is contained within the rear 
compartment. A half turn on the screw lets down the flap to reveal the 
six cells contained in a removable holder. Take out the holder and 
replace the cells in the correct polarity. The label on the hinged flap 
suggests some suitable replacement types. Make sure the monitor is off 
before connecting the press studs as an accidental reversal may 
damage the circuit. 


2.3. Mains operation 


The monitor may be mains operated by using a separate 
power unit. For electrical safety reasons it MUST use a “DOUBLE 
INSULATED” isolating transformer. The unit supplied by Mini- 
Instruments Ltd is recommended as it conforms to the appropriate 
specifications. The same unit also provides the charging current when 
rechargeable cells are fitted. Mains units are available for 210-250V, 
50Hz and 110-120V, 60Hz; output 12-18 volts d.c. at 75mA. 


The unit is plugged into the jack socket on the right hand side 
of the case. A green LED glows when in use. When the power unit is 
plugged in, the internal batteries are disconnected but make sure that 
the internal charge switch is “off” if the cells are not rechargeable. 


There is no internal fuse in the monitor. Should a failure occur 
that overloads the mains power unit a thermal protection device cuts 
off the mains input. The thermal device is not resettable. 


2.4 Battery charge 


The mains unit can be used to replenish rechargeable cells. 
When the cells are exhausted plug in the mains unit and switch the 
charge switch within the battery compartment over to “charge”. The 
charge rate is 45 mA and charging is complete in 16h. Do NOT charge 
primary cells. When the charge is complete switch off the charger at the 
mains. 


2.5 Setting the alarm 


The alarm level is variable from zero to beyond the limit of the 
scale. It is set by using a test source to give the desired level and 
adjusting the front panel control with a small screwdriver. The alarm 
resets when the radiation level falls below the trip level. If the control 
is turned fully clockwise the alarm is disabled for all levels on the scale. 
The alarm is not disabled for overscale conditions providing this 
adjustment is correctly made: see section 5.5. In addition the alarm is 
not switched out by the “speaker off” position. 


2.6 Paralysis time correction 
The monitor has an internal paralysis time of 50 us. Counts are 


lost as given by the formula in section 5.4 but no correction need be 
applied as the meter scaling is adjusted to compensate. 


3. THE SCINTILLATION PROBE 


The probes have been designed to offer a small convenient 
detector for most X and y ray monitoring applications. 


Each probe contains a suitable crystal detector, photo- 
multiplier tube and associated electronics. A complete specification of 
each probe is given in section 7. 


The photo-multiplier tube is shielded against moderate 
magnetic fields by a p-metal shield and the crystal is partially shielded 
with lead to reduce background radiation. The dynode resistor chain 
and pre-amplifier are sealed into the base unit which is held in the 
probe by a circlip. With the clip removed, the base, photo-multiplier and 
crystal slides out as one unit. 


A monitor supplied with a probe is correctly set for immediate 
use, A probe supplied separately may need adjustments to be made to 
some internal controls for correct operation. Refer to the section on the 
relevant probe for details of the procedure. 


The following sections contain much useful information on the 
function of each probe but no responsibility can be taken for the 
accuracy of any statements applied to an individual probe. If it is 
required to make accurate measurements the probe should be 
calibrated against the radiation or nuclide in question. 


3.1 SCINTILLATION PROBE TYPE 41 


The scintillation probe type 41 is a general purpose probe with 
a useable energy range between 20 keV and 2 MeV. The crystal 
diameter is 19 mm and its length is 25 mm. A lead cylindrical shield 
reduces the background count by about four times and it functions as 
a collimator with low energy gammas. Gammas with energies above 
500 keV increasingly penetrate the shield so the probe becomes non- 
directional. A full specification can be seen in section 7. 


Figure 1 shows the probe’s photon detection efficiency from 20 
keV to 5 MeV. Figure 2 shows the calculated response in counts s"' to 
an absorbed dose rate in air of 1 uGy h'' over a similar energy range. 
The response to 1 pGy h’ of '°’Cs radiation is approximately 90 counts 
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Fig. 1 Photon detection efficiency of type 41 probe 
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Fig.2 Gamma dose response of type 41 probe 


Table 1 shows the calculated response to 1 pCi 


of a selection of radio-nuclides. The nuclides in brackets are 


emitters so contamination is better found using a th 
tube (Mini-instruments model E). The figures at one 
serve as a guide for waste dis 
absorption is included. 
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(37k Bq) of each 
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Table 1 
oe 
- Nuclide counts s! counts $s"! 
_ (1 pCi) at 20 mm | at1m _| 

(7Na) 1270 | 1.07 

51Cr 73 0.058 

Fe 0 0 

Yor) 1360 0.74 
sag ot 571 0.48 
(Co) 666 0.58 
"Ga 1080 0.63 
Se 1790 1.15 
ads 1200 0.69 
Cd 855 0.39 
Mn 2610 1.63 
3p 588 0.41 
123T@ 1590 | 0.89 
123) 1990 0.92 
135) 1610 0.75 
Ba 2800 1.53 
cs) 723 0.55 
("37Cs) 487 0.37 
(Tm) 124 0.059 
(ctr) 1520 1.19 
Au 1610 0.77 
(?76Ra) 849 0.68 
0,30 


20 mm is approximately the distance from the 
to the crystal. 

Owing to scattering from the collimator the sensitivities are 
generally higher than the values quoted. 

Refer to B.L. Diffey, Radiation Protection Dosimetry Vol 4 No 2 
1983 p115-117 for details on the method of calculation. 


—— 


end of the probe 


Sensitivity to other radiations 


The probe is not sensitive to alpha radiation. 
The probe is opaque to B radiation with energies below 1 MeV. 
There are no figures for neutron response. 


Probe adjustment 


To set up a probe without a source locate the HV and overload 
controls and turn to a minimum (anti-clockwise). Connect the probe and 
switch on. Slowly raise the HV potential. Initially the count rate is low, 
between 1 and 10 counts s”, but it rises sharply due to photo-multiplier 
noise emission. Set the contro! to just below where noise starts. The 
probe may now be used but it is advisable to check against a suitable 
source. An ‘| source emitting 28 keV X rays is brought near to the 
crystal until the counting rate is about 500 counts s’. The control is 
turned back until the counting rate has fallen sharply away. The two 
positions of the control should be quite distinct and by setting the 
control half way the probe is now sensitive over its useful range with 
a minimum of background noise. Now turn to the maintenance section 
to set the overload control. 


3.2. Scintillation probe type 42A and 42B 


This probe is designed for detection of low intensity X rays 
where a short lead collimator becomes an advantage. The low 
background count of 1.5 to 3 counts s" is derived from using a crystal 
of 1 mm thickness. The crystal diameter is 23 mm. A full specification 
can be seen in section 7. 


There are two crystal window materials. The type A probe has 
an aluminium window 0.05 mm thick and the type B probe a beryllium 
window 0.25 mm thick. A 70% transmission is obtained for X ray 
energies of 10 keV and 4 keV respectively. At the high energy end both 
probes fall to 50% efficiency at 100 keV. 


Figure 3 shows the calculated photon detection efficiency and 
figure 4 shows the response in counts s" to an absorbed dose rate in 
air of 1 uGy h' over the sensitive photon energy range. The response 
to 1 uGy h' of '’Cs radiation is approximately 10 counts s”’. 
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Fig. 3 Photon detection efficiency for type 42 probe 
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Response in counts s" for Gy h" in air 


siastiachieni le 
SUSE UE 


Sf ae 
SHA 


1 Kev 100 Ke’ vo 1 Mev 
photon energy 


Fig. 4 Gamma dose response of type 42 probe 
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Spot contamination measurements 


Table 2 shows the calculated sensitivity to 1 uCi (37k Bq) of 
each of a number of common radio-nuclides. The figures at one metre 
can be used to estimate waste disposal activity. Attenuation of the 
intervening air is included in the calculation but not, of course, the 
waste material. 


Table 2 

Nuclide counts s' at 20 mm | counts s” at 1m | 

(1 pCi) type A type B | type A type B 
(?2Na) 195 194 0.091 0.091 
51Cr 45 409 0.007 0.013 
58Fe 103 530 0.007 0.031 
al os) 1220 2020 0.45 0.53 
(Co) 231 549 0.055 0.089 
(8°Co) 94 93 0.044 0.044 
"Ga 1340 1810 0.49 0.50 
™Se 1610 1910 0.64 0.73 
SITS 669 675 0.31 0.31 
08Cq 2390 2450 1.13 1.15 
ip 2480 2520 1.17 1.18 
TEMA 587 597 0.28 0.28 
ia 1480 | 1490 0.70 0.71 
te 2320 2340 1.10 1.11 
125 3320 3350 1.57 1.60 
Fj 254 254 0.12 0.12 
Ba 3470 3490 1.7 17 
(™Gs) 232 233 0.11 | 0.11 
("°Tm) 159 158 0.077 0.076 
(*91r) 334 333 0.157 0.157 
Au 1910 1910 0.92 0.92 
(?76Ra) 148 148 0.069 0.069 
21m 1620 1690 0.74 0.77 

_| ceeeeae | 


Note The calculated figures include soft X ray emissions from sources. 
The higher values of sensitivity quoted for the beryllium window 
probe can only be achieved with negligible absorption above the 
source and a well adjusted probe. 

The bracketed nuclides emit charged particles. The figures include 
contributions from X, y and annihilation radiations only. 
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Thyroid monitoring 


The type 42 probe can be used to monitor 251 uptake in the 
thyroid. Phantoms have been used to determine the sensitivity and it is 
estimated that a burden of 0.1 pCi (3.7 kBq) gives a figure of 25-35 
counts s’ with the probe held on the neck over one lobe. 


Sensitivity to other radiations 


The aluminium window of the type A probe is 50% transparent 
to B emitters with a maximum energy of 500 keV. The corresponding 
figure for the beryllium window probe is 1 MeV. 


There are no figures for neutron sensitivity. 
Probe adjustment 


To set up a probe without a source locate the HV and overload 
controls and turn to a minimum (anti-clockwise). Connect the probe and 
switch on. Slowly raise the HV potential. Initially the count rate is low, 
between 1 and 3 counts s", but it rises sharply due to photo-multiplier 
noise emission. Set the control to just below where noise starts. 


While the probe may now be used, it is important to confirm its 
sensitivity to soft X rays. The type B probe should be tested using 5 keV 
radiation from ®®Fe. With a count rate of approximately 500 adjust the 
HV to locate a short plateau and set half way along. 


The type A probe may sometimes be set using 55Fe but it is 
easier to use an ‘I source with a 28 keV X ray. Set the HV % up the 
plateau from the knee. Check for some sensitivity to Fe, 


Check in either case that the noise background is acceptable 
and then turn to the maintenance section to set the overload control. 
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3.3 Scintillation probe type 44A and 44B 


The scintillation probe type 44 is designed for contamination 
monitoring of electron capture and isomeric transition nuclides. The 
scintillation crystal is mounted close to the front of the probe to obtain 
a high collection efficiency. Unwanted radiation on the back of the 
crystal is reduced by a short lead shield. A full specification can be seen 
in section 7. 


There are two crystal window materials. The type A probe has 
an aluminium window 0.05 mm thick and the type B probe a beryllium 
window 0.25 mm thick. A 70% transmission is obtained for X ray 
energies of 10 keV and 4 keV respectively. Good transmission at low 
energies is essential since the K X rays for electron capture nuclides are 
often most abundant. 


Figure 5 shows the calculated photon detection efficiency and 
figure 6 shows the response in counts s' to an absorbed dose rate in 
air of 1Gy h"! over the sensitive photon energy range. The response to 
1 uGy h’ of Cs’ radiation is 65 counts s”. 
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Fig.5 Photon detection efficiency of type 44 probe 
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Fig.6 Gamma dose response of type 44 probe 
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Spot contamination measurements 


Table 3 lists the sensitivity of each probe to a number of 
common electron capture nuclides. Contamination is rarely evenly 
distributed and the figures given at 10 mm enables an estimation for 
spots of activity. The figures at one metre can be used to estimate 
waste disposal activity. Attenuation of the intervening air is included in 
the calculation but not, of course, the waste material. 


Table 3 


| Nuclide 


(**Na) 
cr 
StF 
Ico 

(°Co) 

(Co) 
Ga 
Se 
sMT > 
WIC 
W ‘Mn 
VIM A 
123mT 
123) 
125) 


( 13) 1) 
Ba) 
(Cs) 
(‘°Tm) 
(197 Ir) 
195 Ay 
(?7Ra) 
24) Am 


Note 


(1 Ci) (37k Bq) 


counts s! at 10 mm 


type A 


1920 
197 
256 

6760 

1240 
935 

6250 

8310 

4560 

8540 

11500 
2490 
7190 

10300 

12200 
1650 

12700 

1240 
658 

2820 

8360 

1430 

5880 


type B 


1910 
1510 
1860 
9840 
2630 
929 
8170 
9590 
4560 
8790 
11700 
2530 
7230 
10400 
12300 
1640 
14600 
1240 
655 
2810 
8310 


type A 


counts s! at 1m 


type B 


0.061 
1.66 
0.28 
0.21 
1.58 
2.05 
1.10 
228 
2.90 
0.64 
1.81 
2.64 
3.25 
0.39 


The calculated figures include soft X ray emissions from 
sources. The higher values of sensitivity quoted for the 
beryllium window probe can only be achieved with negligible 
absorption above the source and a well adjusted probe. The 
bracketed nuclides emit charged particles. The figures include 


contributions from X, y, and annihilation radiations only. 
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Uniform contamination measurements 


Table 4 is a list of common electron capture radio-nuclides. The 
figures in counts s' is the response to a probe 10 mm above a 
uniformly contaminated surface of 100 cm? area. It can be seen that the 
beryllium window probe is only an advantage for the first two or three 
radio-nuclides where soft X rays are the only component. 


Table 4 
Nuclide counts s' at10 mm | counts s* at 10 mm 
(10 “Ci cm?) typeA type B 
Cr 0.23 
55E a 
57Co 
8Ga 
Se 
NT GC 5.8 5.8 
iininl © | 3.8 10 
ig 14 14 
Penn 3.0 3.0 
12 12 12 
125) 13* 14* 


*NRPB calibration on a sample probe 


Sensitivity to other radiations 


The aluminium window of the type A probe is 50% transparent 
to B emitters with a maximum energy of 500 keV. The corresponding 
figure for the beryllium window probe is 1 MeV. 


As an example 1 DL of contamination from “Sr/°Y gives about 
6 counts s” in either probe. It is not recommended to use these probes 
for B contamination or B surface dose measurements owing to their 
high bremsstrahlung and y efficiency. 


There are no figures for neutron response. 
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Probe adjustment 


To set up a probe without a source locate the HV and overload 
controls and turn to a minimum (anti-clockwise). Connect the probe and 
switch on. Slowly raise the HV potential. Initially the count rate is low, 
between 1 and 10 counts s", but it rises sharply due to photo-multiplier 
noise emission. Set the control to just below where noise starts. 


While the probe may now be used, it is important to confirm its 
sensitivity to soft X rays. The type B probe should be tested using 5 keV 
radiation from Fe. With a count rate of approximately 500 adjust the 
HV to locate a short plateau and set half way along. 


The type A probe may sometimes be set using *Fe but it is 
easier to use an ‘| source with a 28 keV X ray. Set the HV % up the 
plateau from the knee. Check for some sensitivity to *Fe. 


Check in either case that the noise background is acceptable 
and then to the maintenance section to set the overload control. 


3.4 OPERATING OTHER PROBES 


The Mini-Instruments well probe type 43 can be used with this 
monitor. By switching off the pulse noise and adjusting the alarm level 
it becomes a rapid device for accepting or rejecting samples. 


Other manufacturers’ probes having a single input for signal 
and HV can be connected provided the dynode chain resistance is not 
less than 20 Megohms. The Hilger Analytical large area probe type 
P5525 contains a pre-amplifier and connects directly. 


Nuclear Enterprise probes do not contain a pre-amplifier and a 
circuit modification to provide a more sensitive input is easily effected. 
Referring to the circuit diagram, remove Ro, and replace with 180k. (See 
also component list) 


With this modification all the N.E. probes listed will operate the 
monitor. 
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4. PRECAUTIONS 


The company believes it has taken all reasonable precautions 
to ensure that the correct use of these monitors does not endanger the 
health and safety of any person but it is essential that persons using 
these monitors should be trained to interpret the results sensibly and 
be aware of their limitations. 


4.1. Monitoring precautions 


(a) Make sure that the battery is in good order. Do not perform the 
battery check too hastily or it will not give a true indication of battery 
charge. 


(b) Make sure that the monitor is working by noting if it is 
responding to background. It is sensible to check the monitor with a 
radioactive source to see if it is giving the expected reading and audible 
signal. The test source need not be traceable but a consistant source to 
tube geometry should be maintained. 


(c) The probe determines the performance of the monitor. Make 
sure the correct probe is chosen for the radiation you wish to monitor. 


(d) Some X ray machines and particle accelerators produce 
radiation in short pulses. If the intensity of the radiation in these pulses 
is sufficient to cause a response at a rate exceeding an order of 
magnitude less than the pulse repetition frequency then non-linearity of 
response will occur. In the limit the monitor indicates pulse repetition 
frequency and not the radiation intensity. 


(e) The meter reading of scintillation monitors is prone to fall back 
at very high radiation levels. This monitor contains an overscale circuit 
to maintain full meter reading but its operation depends upon correct 
adjustment of an internal control. 


The user should check that full scale is maintained at the high- 
est possible radiation intensity that may be encountered. See also Sec- 
tion 5.5 Overscale adjustment. 


(f) All probes are fragile. If you drop it, it may not work again. 


(g) The monitor is not tropicalised or ruggedised and will not work 
if dropped into a pond or run over by a tank! 
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4.2 Precautions special to beryllium windows (type B probes) 


Beryllium compounds are very toxic. The windows on the type 
B probes are made of beryllium metal and in this form beryllium does 
not constitute a significant health hazard. It is prudent, however, to take 
simple precautions. Avoid handling the metal without cause but if 
handled wash the hands immediately after contact. Never handle with 
a cut or abrasion without first covering the affected part. 


Do NOT attempt to clean the window with abrasives, acids or 
alkalis since this creates dust and toxic compounds. If the window 
needs decontaminating use a weak non-caustic detergent with cotton 
wool swab sticks and wear gloves. Dispose the waste material in toxic 
waste containers. Unwanted crystals should be treated as toxic waste. 


In the event of a fire beryllium oxidises readily producing toxic 
fumes. Seek informed medical advice if in doubt. 
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5. MAINTENANCE 


The instructions that follow are written to help owners make 
certain repairs themselves. An expertise beyond that necessary to 
operate the monitor may be required and the company cannot be 
responsible for damage incurred to monitors or persons while carrying 
out these instructions. If there is doubt the monitor should be returned 
to the manufacturer. 


The components are mounted on a printed circuit board 
attached to the meter and switch. Access to preset controls can be 
gained by removing the front panel of the box. 


5.1. Scintillation probe replacement 


The probe contains components which can be damaged by a 
sharp knock. The glass photo-multiplier may suffer electrode structure 
damage which will affect the operating characteristics or cause 
complete failure. 


If the window of the type 42 or 44 probe is punctured the 
crystal will deteriorate rapidly and have to be replaced. 


The probe can be dismantled but care must be taken not to 
apply pressure to the window when attempting to slide out the unit. 


WARNING Before attempting to dismantle a type B probe read section 
4.2 on the precautions to be taken with beryllium. 


5.2. HV supply 


The PM tube HV supply can be varied from 600 to 1500 volts. 
The control for adjusting the HV is R18 anti-clockwise rotation increases 
the potential. The voltage is best measured using a high resistance 
meter, at least 20kohm/V, connected between the junction of R22/C11 
and OV. 
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5.3. Meter zero adjustment 


The mechanical zero is set on the meter barrel and any 
adjustment must be made with the monitor switched off. The pointer 
must rest at approximately 1mm below the scale zero. With the monitor 
switched on the electrical zero control R34 is now adjusted to bring the 
pointer back to the scale zero. Owing to background radiation it must 
be adjusted with the probe disconnected. Allow several minutes for the 
meter to settle before making the adjustment. 


5.4 Meter calibration 


The calibration potentiometer R31 is situated at the bottom 
centre of the printed circuit board. To recalibrate inject square pulses of 
a few volts via a 100pF(2kV) capacitor into the probe input pin 
(junction of R22/C14). The pulse repetition rate will need to be corrected 
to allow for paralysis time correction built into the scale. The table 
below relates the scale with the pulse repetition frequency (PRF). 


Scale reading 
Input pulse rate = 
1+ Scale reading X paralysis time 


This correction is shown in the table below:— 


When injecting a signal at the top end of the scale the speaker 
note can change abruptly. This is normal and it does not indicate a 
change of counting rate in the ratemeter circuit as displayed on the 
scale. 
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5.5 Overload setting 


An overload circuit ensures that the meter pointer remains 
over maximum deflection for radiation intensities exceeding many 
times the maximum scale reading. The adjustment depends on the HV 
setting and PM tube and must be done whenever either is changed. The 
control for setting the overload alarm point is the potentiometer R20. 


To adjust the alarm set the function switch to the ‘speaker off’ 
position and turn the control fully clockwise. Using a strong source to 
send the meter well over the maximum scale mark, adjust the control 
to sound the alarm. Check that the alarm stops sounding when the 
source is moved to a position where the reading is equal to the 
maximum scale mark on the meter. lf necessary re-adjust the control 
until this condition is met. 


The adjustment can also be done without a source using a 
digital voltmeter connected across the potentiometer to the 5.8 volt 
line. Set the reading to 0.25 — 0.3 volts lower than the point where the 
alarm sounds. The adjustments must be done with the probe connected 
and set to the correct HV. 


Because of complications introduced by the overscale setting, 
it is not recommended to use one instrument with a variety of probes. 
In case of difficulty, technical advice from the company should be 
obtained. 
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6. SERVICE AND GUARANTEE 


With normal care and attention this monitor should give many 
years of service without attention. 


If any fault occurs to the monitor within two years of purchase 
(one year for the PM tube) that is due, in our opinion, to a manufactur- 
ing error.then it will be repaired or replaced without charge. 


If a fault occurs outside the guarantee period the company or 
its agents will service the equipment. A note explaining what you 
believe to be wrong is often helpful. If the customer wishes to repair the 
fault himself the company will give technical help. However the 
company does not wish to abrogate its prime responsibility to its cus- 
tomer to third parties and service organisations. If these organisations 
are employed they should be instructed to return the equipment, 
untampered, to us for service or repair*. 


The company will not be responsible for damage or loss occur- 
ring in transit to the company whether or not properly packed but 
emphasis cannot be made strongly enough on the need to ensure 
adequate packing before returning for servicing. 


The address is: 


Service Department, 


Mini-Instruments Ltd, 
15 Burnham Business Park, 
Springfield Road, 

Burnham on Crouch, 

Essex, CMO 8TE 


tel: 01621 783282, fax: 01621 783132 


*OVERSEAS CUSTOMERS SHOULD RETURN INSTRUMENTS BY AIR 
PARCEL POST, NOT AIR FREIGHT. 
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7.2 


SPECIFICATION 


Monitor specification 


Box size 
Weight 
Material 
Batteries 
(6 cells) 


Life at 4 h/day 


HV supply 
Sensitivity 


Input impedence 
Input time constant 
Response time 


Paralysis time 
Linearity 

Overload circuit 
Temperature range 
Humidity 


Scintillation probe type 41 
Mechanical 


Overall length 

Overall diameter 

Weight 

Probe material 

Sodium iodide crystal size 
Window area 

Window weight 

Depth of crystal below window 
Background shield thickness 
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180w X 110d X 165h mm overall 
0.95 kg 

Coated aluminium 

Standard AA cells IEC R6 
Alkaline AA cells IEC LR6 
Rechargeable cells IEC KR15/51 
Standard cells — 60h 

Alkaline cells — 150 h 

600 — 1500 V at 50 pA max. 
Voltage input — 100 mV neg. 
Charge input — 10 pC 

3000 ohms approx 

2.5 us 

1to10c/ss—<3.5s5 
10to100-<2s5 

100 to 1000-<1s 

50 us 

+10% to 2000 counts s" 

Yes 

—10 to +50 °C 

not to exceed 85% non-condensing 


220 mm 

41mm 

0.7 kg 

Aluminium — black anodised 

19 mm dia 25 mm long 

2.8 cm? 

300 mg cm” of aluminium approx 
16 mm approx 

5.65 mm lead 


ie 


Electrical 


Photomultiplier type 
Dynode chain resistance 
Cable socket 

Output impedance 
Maximum pulse height 
Pulse width 

Maximum cable length 
Operating voltage 


Scintillation probe type 42A 


Mechanical 


Overall length 

Overall diameter 

Weight 

Probe material 

Sodium iodide crystal size 
Window area 

Window weight 

Crystal depth below front face 
Background shield thickness 


Electrical 


Photomultiplier type 
Dynode chain resistance 
Cable socket 

Output impedence 
Maximum pulse height 
Pulse width 

Maximum cable length 
Operating voltage 
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EMI 9924 B 

56 Megohm 

Single PET type 100 
1500 ohms approx 

1 volt negative 

5 us in 3000 ohms load 
15 m approx 

600 — 900 volts 


195 mm 

41mm 

0.48 kg 

Aluminium — black anodised 
23 mm dia 1.0 mm thick 

4.1 cm? 

14 mg cm? of aluminium 

16 mm approx 

3.1 mm lead 


EMI 3924B 

56 Megohm 

Single PET 100 

1500 ohms approx 

1 volt negative 

5 us in 3000 ohms load 
15 m approx 

600 - 1000 volts 


7.4 Scintillation probe type 42B 
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Mechanical 


Overall length 

Overall diameter 

Weight 

Probe material 

Sodium iodide crystal size 
Window area 

Window weight 

Crystal depth below front face 
Background shield thickness 


Electrical 


Photomultiplier type 
Dynode chain resistance 
Cable socket 

Output impedence 
Maximum pulse weight 
Pulse width 

Maximum cable length 
Operating voltage 


Scintillation probe type 44A 
Mechanical 


Overall length 

Overall diameter 

Weight 

Probe material 

Sodium iodide crystal size 
Window area 

Window weight 

Crystal depth below front face 
Background shield thickness 
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195 mm 

41mm 

0.48 kg 

Aluminium -— silver anodised 
23 mm dia 1.0 mm thick 

4.1 cm? 

46 mg cm” of beryllium 

16 mm approx 

3.1 mm 


EMI 9924B 

56 Megohm 

Single PET type 100 
1500 ohms approx 

1 volt negative 

5 us in 3000 ohms load 
15 m approx 

600 — 1000 volts 


188 mm 

50 mm 

0.64 kg 

Aluminium — black anodised 
32 mm dia 2.5 mm thick 

8 cm? 

14 mg cm of aluminium 
3mm 

3.1 mm lead 
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Electrical 


Photomultiplier type 
Dynode chain resistance 
Cable socket 

Output impedence 
Maximum pulse height 
Pulse width 

Maximum cable length 
Operating voltage 


Scintillation probe type 44B 
Mechanical 


Overall length 

Overall diameter 

Weight 

Probe material 

Sodium iodide crystal size 
Window area 

Window weight 

Crystal depth below front face 
Background shield thickness 


Electrical 


Photomultiplier type 
Dynode chain resistance 
Cable socket 

Output impedence 
Maximum pulse height 
Pulse width 

Maximum cable length 
Operating voltage 
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EMI 9902KB07 

56 Megohm 

Single PET type 100 
1500 ohms approx 

1 volt negative 

5 us in 3000 ohms load 
15 m approx 

700 — 1200 volts 


188 mm 

50 mm 

0.64 kg 

Aluminium — silver anodised 
32 mm dia 2.5 mm thick 

8 cm? 

46 mg cm” of beryllium 
3mm 

3.1mm 


EMI 9902KA 

56 Megohm 

Single PET type 100 
1500 ohms approx 

1 volt negative 

5 us in 3000 ohms load 
15 m approx 

700 — 1200 volts 


Sochum lodide Encapsulated 
Lead Stueld Crystal o Metal Shetd Protomulipher Tube Dynode Chasn & Pre amplifier 


dimensions in mm 


Type 41 probe construction 


Sodium lodwde Encapsulated 
Lead Shield Crystal woMetal Shield Protomultipier Tube Oynode Chain & Pre-ampiifier 


Type 42 probe construction 


Mu-Metal Photamultiplier Encapsulated 
ORing Lead Shield Shveld Tube Nynode Chain & Preamplifier 


Compression Spring 


oa: ry LALU IA LILA a III I 
—_—_—_—__SO eee me 


Sodum lodide cimensions inmm 


Type 44 probe construction 
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CIRCUIT DESCRIPTION 


The circuit diagram is given at the end of the manual. The 


circuit operation is as follows: 


(a) 


(b) 


(d) 


(e) 


(f) 


(g) 


Battery input stabilising circuit The line voltage of the monitor is 
5.8 + 0.2 volts and is set by the reference diode D4. IC2 is the 
comparator coupled to the series control TR1. 


HV Converter Transistor TR4 coupled to the transformer T1 forms 
the flyback converter circuit. C3 forms a gated oscillator to pro- 
vide the drive for TR3 and TR4. The output voltage is stabilised by 
negative feedback via a resistive divider to a gate in IC3 which 
controls the oscillator frequency. Adjustment to the divider and 
hence the HV level is provided by R18. The waveform across the 
secondary winding of T1 is half wave rectified to provide the 
detector voltage. Voltage doubling is used for the scintillation 
monitors and other detectors operating above 600V. 


Input amplifier TR5 and TR6 form an amplifier with a gain deter- 
mined by feedback. It reverses the phase of the input pulse and 
supplies a positive signal to a monostable circuit !C4b which 
determines the paralysis time. The input requires negative pulses 
exceeding 100mV into approximately 3000 ohms. 


Ratemeter circuit Two analogue outputs form IC5 are combined 
to give a signal nearly proportional to the log of the input pulse 
rate. This output is applied to an operational amplifier |C6a which 
drives the meter. The potentiometer R31 sets the meter scale and 
R34 the meter zero. 


Audio output The speaker derives its power from IC7 which pro- 
duces a 300uzs pulse when triggered by the monostable (IC4b). 
This connection is switched at the front panel to suppress the 
pulse output. A similar but unswitched connection from the 
comparator sets off the timer to give the alarm. 


Comparator The comparator IC6b compares the potential on the 
set alarm control with an output from the meter amplifier IC6a. If 
the latter is greater the comparator trips and sets off the timer. A 
little hysteresis is applied to smooth out the random nature of the 
input. 


Overload circuit Excess current drawn through the probe when in 
a radiation flux exceeding many times the scale limit causes the 
comparator formed by IC4d to trip thus maintaining the deflection 
of the meter. The potentiometer R20 sets the limit when this 
occurs. 
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9. 


Resistors 


All Resistors MFR4 except where stated otherwise 


R, 330R 
Re 27R 
R3 390R 
Ra 47K 
Rs 6K8 
Re 82K 
R 22K 
Re 4M7 
Rg 100K 
Rio 470R 
Ry, 330K 
Riz 68R 
Riz 180R 
Ris 10R 
Ris 400M thick film 
Rig 220K 
Riz 820K 
Ris 2MO potentiometer 
Rig 100K 
Rao 220K potentiometer 
R2; 1MO 
R22 100K 
Ro3 3K3 
Rog 10K 
Capacitors 
C, 100nF Ceramic 
Lory 47nF Ceramic 
C3 470uF electrolytic 
C4 100nF ceramic 
Cs 22pF ceramic 
Cy 220pF polystyrene 
C; 4n7F ceramic 
Cy 10nF 1kV ceramic 
Cy 10nF 1kV ceramic 
Cio 10nF 1kV ceramic 
Cy 6n8F ceramic 2KV 
C2 100nF ceramic 
Ci3 100uF electrolytic 
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COMPONENT LIST AND CIRCUIT DIAGRAM 


4K7 

39K 

22K 

68K 

1MO 

1MO 

2KO potentiometer 
7K5 

180R 

100K potentiometer 
180R 

82K 

10K 

10K 

24K 

10K 

330K 

22K potentiometer 
4M7 

47K 

47K 

10K 

120K 


1n0F ceramic 2KV 
4n7F ceramic 

1n0F polystyrene 
2n2F 1% polystyrene 
100nF 5% polyester 
47F electrolytic 
1pF electrolytic 
100nF ceramic 
4n7F ceramic 
100nF ceramic 
4n7F ceramic 
100nF ceramic 
2n2F polystyrene 


Diodes 


D, IN4001 

D, BZX83 C9V1 
D; IMO5120 

Dy ICL8069 
Ds,6-10-15 IN4148 

Drs - BY584 


Transistors 


TR, BE328 
TRos,6 BC548B 
TR; BC 558 
TR,  BC639 


Integrated Circuits 


IC; 
IC, 
IC 
IG, 
ICs 
ICs 
IC, 


Meter 


M, 


LM317 
7611DCPA 
HEF4001 
HEF4013 
HEF 4066 
LM392N 
TLC555CP 


500uA taut band 
moving coil 


The ratemeter may be configured with a probe not manufac- 
tured by Mini Instruments Ltd. If the probe has no pre-amplifier it may 
be necessary to modify the input circuit. If this is done Reg is increased 
in value to provide more sensitivity eg. a value of 180K is fitted if the 
monitor is used with an AP2 probe. The maximum recommended value 


for Rog is 330K. 
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MINI-INSTRUMENTS LIMITED 


MINI-MONITOR 


SERIES 900 
MODELS E, EL, S, SL & X 


Our instruments are subject to continous development and 
minor changes in detail may occur which are not incorporated 
in this manuai. 


Issue 2 
© Copyright January, 1986 


1. GENERAL DESCRIPTION 


1.1. Basic monitor 


The monitor is designed for use in teaching, research, hospitai 
and industrial laboratories. When fitted with a suitable probe it will 
measure contamination down to the accepted levels and indicate y or.. 
X-ray background intensity. 

The monitor is powered by easily available primary cells or 
may be mains operated from a small power unit similar to those used 
on calculators. In addition rechargeable cells can be used which are 
recharged by using a similar power unit. 


The probe is connected to the monitor by either an extensible 
co-axial cable or a standard cable. It may be used remotely or attached 
to the case by a clip. A meter registers the counting rate on a semi- 
logarithmic scale thus making range changing unnecessary. An internal 
speaker, which may be switched off, gives an audible indication of 
intensity. 


The monitor has a warning alarm adjustable to trip at any 
selected level on the scale. It can be made inoperative during normal! 
use but will respond on overload. 


1.2 Probe attachments 


The monitor is availabie with different probes, each identified 
as a separate model. It is not recommended to exchange probes owing 
to the need to re-adjust the internal controls. This is good radiation 
safety practice as it avoids the monitor being maladjusted when most 
needed. 


{a) Model S This is a general purpose monitor employing a glass 
G-M tube of active length 64 mm and a wall thickness of 
30 mg cm*® representing a half value layer for 700 keV B's. It is 
suitable for penetrating B emitters like Sr, 22P and also *8CI but 
it is not suitable for °H, *C, *S and “°Ca. It is also suitable for B-y 
emitters providing there is a penetrating B emission. 


{c) 


The G-M tube is protected from damage by a holder surround- 
ing the tube except for an open grille at one side. By presenting 
the back of the holder to the source the 6-component of a 8-y 
emitter can be screened out. With the G-M tube withdrawn from 
the holder it may be used as a dip liquid counter. Remember to 
take great care of the thin glass. 


Medel SL This differs from the previous model by using a 
longer G-M tube having an active length of 120 mm. It is approx- 
imately twice as sensitive when presented to sufficiently large 
contaminated areas. 


Modei E This model uses a thin end window G-M tube of 
thickness 1.5 — 2.2 mg cm® and area 6.4 cm”. It is suitable for 
estimating the lower contamination limits from “C, °S, “Ca and 
'51l as well as the more penetrating 8 emitters but not °H. The G-M 
tube is contained in a black anodised holder fitted with a stainless 
steel grille to protect the fragile window. A plastic cap is supplied to 
cover the window when not in use. Care must be taken in replac- 
ing the cap to avoid imploding the window. : 


The tube is sensitive to a particles and can estimate contami- 
nation levels down to about 2 x 10% wCi cm? (7 Bq em}. While 
it is not sufficiently sensitive to monitor down to the recom- 
mended levels for uniform a contamination it is ideal for finding 
hot spots. 


Model EL This model uses an organic quenched end window 


G-M tube having an area of 19.6 cm* and window thickness 
1.5 — 2.5 mg cm~. It is recommended for soft B monitoring. The 
counting rate is limited to 600 counts s" and the life of the tube 
is limited to approximately 2 Xx 10° counts. The mica window is 
very fragile so the tube must be handled with care. The sensitivity 


to a contamination is sufficient to measure down to 10“nCi cm? 
{3.5 Bacm’*). 


Medel X The G-M tube for this model is mounted in a small 
anodised aluminium holder. The end window diameter is 17 mm 
and the mica thickness is 2.5-3.0 mg cm. The smal! size and 
convenient mounting of the tube makes it particularly useful for 
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locating X-ray leakage points from crystallographic apparatus. 
The modei may also be used as a contamination monitor having 
a sensitivity about 4 of the model E for the more penetrating 6 
emitters although it is not-recommended for this purpose. 


The probe may be used further_from the instrument than 
allowed by the extensible cable. Up to 15 metres of low capacity co- 
axial cable is acceptable. 


2. OPERATING INSTRUCTIONS 


2.1 Controls 
There are two externa! controls: 


{a) A four position rotary switch labelled with symbols OFF, BAT, ON, . 
ON SPK OFF. 


(b) A screwdriver control to set alarm level. 


2.2 Battery 


The state of the battery is indicated on the meter when the 
switch is turned to the position marked “bat”. In this position the 
battery is subjected to a current drain in excess of that used in normal 
use. in order to ensure that the battery is satisfactory the pointer should 
be observed for a short while to see if it falls below the green sector. 
if so the battery should be changed or if rechargeable, put on charge. 


The reading depends upon the type of cell used. New primary 
celis read near the top of the green scaie but rechargeabies read in the 
middie. 


Battery replacement The battery is contained within the rear compart- 
ment. A half turn on the screw lets down the flap to reveal the six celis 

- contained in a removable cage. Take out the cage and replace the cells 
in the correct sense. The label on the hinged flap suggests some suit- 
able replacement types. Make sure the monitor is off before connecting 
the press studs as an accidental reversal may Gamage the circuit. 


2.3. Mains operation 


The monitor may be mains operated by using a separate 
power unit similar to the ones for pocket calculators. must supply at 
least 9 volts at 15 mA. For reasons of electrical safely the unit MUST 
be marked “DOUBLE INSULATED” or carry the sign ofa double square. 
A mains unit is available from the company which is also designed to 
operate as a battery charger. 


The unit is plugged into the jack socket on the right hand side 
of the case. A green:LED glows when in use. The internal battery is cut 
out but make sure the internal charge switch is off if the cells are not 
rechargeable. 


Mains units for the foliowing supplies are available:- 


210 — 250 V, 50 Hz and 110-— 120 V, 60 Hz 

Output 12 — 18 volts at 75 mA ‘3 

There is no internal fuse in the monitor. Should a failure occur 
that overloads the mains unit a thermal enene cuts it otf. The thermal 
device is not resettable. = Ss ee =e ; 


2.4 Battery charge 


The mains unit can be used to replenish rechargeable cells. 
When the cells are exhausted piug in the mains unit and switch the 
charge switch within the battery compartment over to “charge”. The 
charge rate is 45 mA and charging is complete in 16h. Do NOT charge 
primary cells. When the charge is complete switch off the charger. 


2.5 Setting the aiarm 


The alarm level is variable from zero to beyond the limit of the 
scale. lt is set by using a test source to give the desired fevei and 
adjusting the front panel control with a small screwdriver. The alarm 
resets when the radiation levei falis below the trip level. If the contro! 
is turned fully clockwise the alarm is disabled for all levels-on the scale. 
The alarm is not disabled for overload conditions providing this adjust- 
ment is correctly made: see section 5.5. In addition the alarm is not. 
switched out by the “speaker off” position. 


3. INTERPRETATION OF METER READING 


3.1 Contamination measurements 


Table 1 shows the approximate counting rate in pulses per sec- 
ond from a uniformly contaminated surface of 100 cm? for different 
models. These measurements were obtained from specialiy prepared 
non-absorbent surfaces contaminated with hard, medium and soft B 
emitters. 


The figures are given with the normal protective grille in place. 
For models E and EL they have a transparency of approximately 80%. 
Grilles having greater tube protection but tower transparency are 
available. 


TABLE! ar 
Nuélide..| EBmax counts s' above background for 
MeV 1 Bqcm*on100¢m? 
ModelS/SL | = ModelE {|  ModelEL 
Scmfrom | icmfrom | iemtrom | 
surface | surface | surface 
*StY 0.55/2.3 1/2.2 | 1.8 | 48 
ata | 0.77 5/11 1.3 | a8 
"7 Bey 1 0.22 ~ Gares 1.9 
te O16 é ager 1.3 
23 y | aemitter - 0.7 H 15 
Fe ee fc) . 0.01 pervs 


eee | 


1.2 Beta surface dose measurements 

Approximate surface dose rate measurements can be made 
vith end window G-M probes. The figures given in Table I! give a dose 
‘quivalent rate of 1 «Sv. h” to skin tissue. The figures for '”Pm are sub- 
ect to wide variations and should be used for guidance only. 


TABLE ff 


Nuelide counts s' above bkgd for 1 uSv. h” to skin 


Model EL 


3.3. Gamma flux measurements _ ——— 


G-M tubes used for beta monitoring display a wide range of 
sensitivity to the range of y radiations availiable. For this reason figures 
are quoted for selected vy emitters shown in Table Ill. Reference to 
Figures 1 to 4 show how the response varies with energy for the G-M 
tubes used in series 900 monitors. 


TABLE ll 


y sensitivity in counts s’ per »Gy. h" in air 


Mode! S/SL | ModeiE | ModelEL 


yemitter | | _ Model X 
—— : ———— 
"Co f= 6/44 3.0... aS 26 
Cs 4/9 27 = - 2 
bl 37 cy em eS 6 2 
“Kry’s 3.5/8 f 25 i 6 2 
“Am 20/45 1SA5 i 40 15 


3.4 X-ray leakage detection = 


Model X has been used over many. years for X-ray machine 
leakage detectors. The sensitivity curve does not allow accurate 
measurement (see Fig. 1) but it shows adequate sensitivity at the low 
energies. The philosophy for X-ray leakage is find it, then stop it. The 
monitor may be used with confidence for locating leakage from small 
cracks which larger and more cumbersome detectors may fail to find. 


3.5 Paralysis time correction 


There is a fixed paralysis time of 100us for models S, E and X 


and 300us for model EL. The counting loss correction is allowed for in 
the meter scaling. The maximum correction is 20%. 
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Fig. 1 Energy response of a ZP 1481 G-M tube (modei X} 
(end on with plastic cap fitted} 
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10 keV 106 keV . 1 MeV 
Fig. 2 Energy response of 7231 G-M tube (Model E}) 

(with acknowledgements to NRPB) 
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Whev 100 keV TMeV 


Fig. 3 Energy response of a B6H G-M tube (Model S) 
(B12H tube, mode! SL gives approximately twice the above response) 
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Fig. 4 Energy response of DN212 (modei EL) without plastic cap 
(with acknowledgements to NRPB} 
eee eee eines ee 
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PRECAUTIONS IN USING CONTAMINATION METERS 


The company believes it has taken all reasonable precautions 


to ensure that the correct use of these monitors does not endanger the 
health and safety of any person but it is essential that persons using 
these monitors should be trained to interpret the results sensibly and 
be aware of their own limitations. 


To heip the operator some of these limitations are described 


below: , 


(b) 


(c) 


(e) 


(f) 


(q) 


Make sure that the battery is in good order. Do not perform the 
battery check too hastily or it will not give a true indication of 
battery charge. 


Make sure that the monitor is working by noting if it is responding 
to background. It is sensible to check the monitor with a radio- 
active source to see if it is giving the expected reading and audi- 
bie signal. The test source need not be traceable but a consistent 
source to tube geometry should be maintained. 


The probe determines the performance of the monitor. Make sure 
the correct probe is chosen for the radiation you wish to monitor. 


Some X-ray machines and particle accelerators produce radiation 
in short pulses. If the intensity of the radiation in these pulses is 
sufficient to cause a response at a rate exceeding an order of 
magnitude less than the pulse repetition frequency then non- 
linearity of response will occur. In the limit the monitor indicates 
pulse repetition frequency and not the radiation intensity. 


The meter reading of G-M tube monitors is prone to fall back at 
very high radiation levels. This monitor contains an overload cir- 
cuit to maintain full meter reading but its operation depends upon 
correct adjustment of an internal control. 

Users should occasionally check that full scale is maintained at 
high radiation levels. Do not try to estimate a reading off scale. 


All probes are fragile. lf you drop the probe it may not work again. 


The monitor is not tropicalised or ruggedised and will not work if 
dropped into a pond or run over by a tank! 
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5. MAINTENANCE 


The instructions that follow are written to help owners make 
certain repairs themselves. An expertise beyond that necessary to 
operate the monitor may be required and the company cannot be re- 
sponsible for damage incurred to monitors or persons while carrying 
out these instructions. If there is doubt the monitor should be returned 
to the manufacturer. : 


The components are mounted on a printed, circuit board 
attached to the meter and switch. Access to preset controls_can be 
gain« 1 by removing the front panel of the box. 


5.1 G-M tube replacement 


All the G-M tubes may be replaced by the user. The replace- 
ment is obvious for the S and SL models but the end window modeis 
need a tool to:remove the circlip (Anderton type HD2) but long nosed 
pliers wiil do. Great care is required in repiacing the iarge area tube as 
the circlip is against the front window. When removing the old tube 
make a note of how the wires are connected. in Particular the mode! X 
tube has the lead carrying the resistor attached to the pin within the 
crescent on the bakelite base. 


If the replacement tube is identicai to the one discarded it is 
likely that no internal controls need be adjusted. However you may be 
statutorily required to check the response. In particular you must be 
sure that the overioad setting is correctly adjusted. See 5.5. 


5.2 EHT Supply zi: ; 


The G-M tube EHT supply can be varied between 300 and 800 
volts (1500 volts for model EL). The control is placed near the trans- 
former at the 4 o'clock position. A clockwise rotation increases the 
potential. The voltage is best measured using a high resistance meter 
(AVO model 8) at the resistor junction sited 10 o'clock from the fixing 
bolt. The reading is approximately 25 volts down owing to meter 
loading. 


5.2 Meter zero 


The mechanical zero set is on the meter barrel. Any adjustment 
must be made with the monitor switched off. The design of the circuit 
requires the zero to be set a little below the zero mark on the scale. This 
is in order so do not adjust it back. 


The electrical zero potentiometer is situated above the calibra- _ 
tion potentiometer. Owing to background radiation it must be adjusted 
with the tube disconnected. Allow time for the meter to settle. Adjust 
the electrical zero to return the pointer to the scale zero. : 


5.4 Meter calibration 


The calibration potentiometer is sited at the bottom centre of 
the printed circuit board. 


To re-calibrate inject square puises of a few volts via 4 
capacitor of about 10 pF into the input. The pulse repetition rate will 
need to be corrected to allow for the paralysis time correction incorpo- 
rated in the scale. 


Scale reading 
input pulse rate = eee = 
1 + Scale reading X paralysis time 


This correction is shown in the table below:- 


puise repetition frequency 


5.5 Overload adjustment 


An overload circuit described in 8 (g) ensures the meter pointer 
is hard off scale for radiation intensities exceeding 100 times the 


First turn the set alarm control maximum clockwise. Using a 
strong source to send the meter hard off scale adjust the overload con- 
trol to set off the alarm. Then reset the alarm to the desired position. in 
case of difficulty the company should be consulted. 
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6. SERVICE AND GUARANTEE 


With normal care and attention this monitor should give many 
years of service without attention. 


if any fault occurs to the monitor within two years of purchase 
(one year for the G-M tube) that is due, in our opinion, to a manufac- 
turing error then it will be repaired or replaced without charge. 


lf a fault occurs outside the guarantee period the company or 
its agents will service the equipment. A note explaining what you 
believe to be wrong is often helpful. if the customer wishes to repair the 
fault himself the company will give technical help. However the 
company does not wish to abrogate its prime responsibility to its 
customer to third parties and service organisations. If these organisa- 
tions are employed they should be instructed to return the equipment, 
untampered, to us for service or repair. 


The company wili not be responsible for damage or loss occur- 
ring in transit to the company whether or not properly packed but 
emphasis cannot be made strongly enough on the need to ensure 
adequate packing before returning for servicing. 


The address is: 


Service Department, 
Mini-instruments Ltd., 

8 Station industria! Estate, 
Burnham on Crouch, 

Essex CMO 8RN 

Tel: Maidon (Essex) (0621) 783282 
Telex: 995445 MINMON G 
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&. CIRCUIT DESCRIPTION 


The circuit Giagram is given at the end of the manual. The 
circull operation is as foiiows: 


(a) Battery input stabilising circuit The jine voitage of the monitor is 
5.8 = 0.2 volts and is set by the reference diode. Ji/2 is the 
comparator coupled to J3 and the series contro! J4. 


{D) Oscillator Transistor J6 coupled to the transformer 71 form the 
oscillator circuit. L2 suppiles the necessary feedback to maintain 
oscillation. The amplitude of the oscillation is limited by the diode 
D2 whose potential is set by VR1. The erhf from the tertiary wind- 
ing L3 is half wave rectified for the low voltage G-M tubes and 
yoitage doubied for the organic tube. 


c} input amplifier J9 is an amplifier with a gain determined by feed- 
back. it reverses the phase of the input pulse and supplies a 
positive signal to the CMOS monostable coupled gates which 
determines the paralysis time. The input requires negative pulses 
exceeding 100 mV into approximately 3000 ohms. 


Ratemeter circuit Two analogue outputs are combined to give a 
signa! nearly proportional to the iog of the input pulse rate. This 
cutput is applied to an operationai amplifier which drives the 
meter. The potentiometer VR4 sets the meter scaie and VR3 the 
meter zero. 


a 


o 


Audio output The speaker derives its power from a timer iC 
which produces a 300us puise when triggered by the monostabie. 
This connection is switched at the front panel to suppress the 
pulse output. A similar but unswitched connection from the com- 
parator sets off the timer to give the alarm. 


(f) Comparator The comparator compares the potential on the set 
alarm contro! with an output from the meter amplifier. If the latter 
is greater the comparator trips and sets off the timer. A little 
hysteresis is applied to smooth out the random nature of the 
input. 


(g) Overload circuit Excess current drawn through the probe when in 
a radiation flux exceeding many times the scale limit causes J7/& 
to conduct thus maintaining the deflection of the meter. The 
potentiometer VR2 sets the limit when this occurs. 
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9. COMPONENT LIST AND CIRCUIT DIAGRAM 


Integrated circuits LM317, 4001, 4013, 4066, LM392, CM555 
Reference diode RD {CL8069 
Zener diode Ze BZX83 CSVi 
Transistors Ji, Je, Jig BC548B8 
Ja: Jeo, SEIIOSS BC558 
Ja BC328 
Je BC338 
Diodes D, * 1N4001 
D>, Ds, Dg, Dz, Dg 1N4148 
D3, Dz GEA6 
LED IMO 5120 
Resistors Ail carbon film % watt 5% unless: otherwise stated. 
R; 330R Ya watt Roo See table below 
R> 27R Ro3 10K 
R3 390R 1 watt Ros See table below 
Ra 15K Ros aM 2% m.f. 
Rs 6K8 Roz 1M 2% m.f. 
Rs 10K Rog 180R 2% m.f. 
R, 82K 2% m.f. Rag 10K 2% m.f. 
Rg 22K 2% m.f. Rao 180R 2% m.f. 
Re 10K Ra; 100K 
Rio 4K7 Rao 10K 
Ry, 10K Raz 22K 2% m.f. 
Ryo 470R Ras 680R 2% m.f. 
Rig 2K7 Ras 150K 
Rig 4K7 Rag 10K 
Ris 100K Ray __4M7 
Rig See table below Rag 47K 
Ry 3K3 Rag 47K 
Rig 150K 2% m.f. Rao 10K 
Ris 220K 2% m.f. Rar 120K 
Roo 6K8 Rao G-M tube current limiter 
Roy 330K 
VRa 50R 
VR, 22K VR; 22K 
VR2 See table below 
VR, 100K 
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Mini 900 Series 
Ratemeters 


Mini 900 radiation monitors are well established in education, medicine and industry as 
reliable, convenient and inexpensive. They are equipped with a choice of GM probe, 
matching logarithmically scaled meter and extensible cable. Mini 9OOE and Mini 9OOEP15 
are available scaled in counts per second or counts per minute. 


MINI 900 Series for Radiation Control 


Type Scale Range Energy Range GM Detector Radiations 
900R 0.5-500 mSvh-l 45 keV - >1.5 MeV Compensated Gamma X-Rays (>75 kVp source) 
9006 0.5- 500 mSvh-l 55 keV - >1.5 MeV Compensated Gamma only 
900D 0.5 - 1,000 mSvh-1 30 keV - >1.5 MeV Partially Compensated Gamma X-Rays (>45 kVp source) 
900X 0.5 - 2,000 s-1 >10 keV Uncompensated X-Rays (as a relative check device) 


MINI 900/2SL Environmental Dose Rate Meter - Page 10. 
MINI 900 Series for Contamination Control 


Type Window Sensitivities 

Alpha (238Pu) Beta (14C) Beta (99S1/9°Y) Gamma (137Cs) 
E 6.4 cm? 0.6s! for] Bacm? 0.751 forl Bacm? 18s) for] Boom? 2.2s¢ for 1 mSvir} 
EPL5FL 15.5 cm? 0.951 for] Bacm® 1.387 for 1 Bacm? 4.05! forl Bacm? 5.0? for 1 mSvh? 
EP15 15.5 cm@ 0.9s! for] Boom? 1.38! forl Bacm? 4.05! for 1 Bacm? 5.0 s for 1] mSvirt 


Replacement for Type EL 


EP100 100cm? 6s! for 1 Bgcm? 30s! for1 Bqem? 49s! forl Bqcnr? 258°! for 1 mSvtr! 
S 6.4 cm sensitive length = 1s? for 1 Bacm? 5s? for 1 mSvh? 
SL 12.0 cm sensitive length - 2 s? for 1 Bgcm? 10s! for 1 mSvtr? (60Cp) 


Scintillation Probes for Contamination Control 


Type Approximate Sensitivities 

Radiation Contamination Background 
41 1,000 s! due to 10 wSvh! (337Cs) 130s! due to 3.7 KBg °™Tc at 20mm 3-83" 
418 3,500 s? due to 10 pSvh? (137Cs) 20-30s! 
42A 330 s* due to 3.7 kBq 125l at20mm = 2-3 s! 
44A 3.8 s! due to 3.7 kBg 1251 at 20 mm 4-851 
44A 1.6 s! due to 3.7 kBg 99 Tc at 20 mm — 
44A 1.4 s! due to 3.7 kBg 5’Co at 20 mm - 
44B 180 s! due to 3.7 kKBq Feat 10mm — 
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series 900 mini-monitor 


Scintillation Monitors for Contamination Control 


The mini-monitor is well established in teaching, 
research, hospital and industrial laboratories as a 
reliable, convenient and inexpensive contamination 
meter. 


The 900 series has the following features: 

* A large logarithmically scaled meter with an open 
scale at the lower end to show background levels 
of contamination while displaying high levels 
without switching. 

%* A speaker to give an audible estimate of radiation 
intensity. 

%* An alarm which can be set to trip at any level on 
the scale. 

%* Battery or mains operation using a separate 
power unit. Included is an internal constant 
current charger for rechargeable batteries. 

* Lightweight aluminium case. 

%* A comprehensive manual containing tables and 
curves of response to different radiations and 
other useful information. 

%* The monitor conforms to the requirements of the 
International Electrotechnical Commission 
publication 325. 


MINI-INSTRUMENTS LTD 
Manufacturers of Nucleonic Equipment 


Specification 
Weight 
Size 


Batteries 


Battery life 


Meter range 
Paralysis time 


Ratemeter integration 
time 

Radiation detector 

HV supply 


Overload protection 


Mains power 


1.0kg without probe. 
180w by 110d by 165 mm 
overall. 


6 type AA cells, alkaline 
(IEC LR6) or rechargeable 
(IEC KR 15/51). 


Approximately 120 hours at 
4 hours/day. 

0.5 to 5000 counts s“. 
Scale corrected to give true 
count rate. 

1 to 4 seconds set to 
match count rate. 


Most portable scintillation 
probes having a single cable 
termination are suitable. 
600-1500 volts set 
internally. 

Provision to indicate excess 
tube current. 


12-18 volts D.C. from mains 
unit. 


MINI-INSTRUMENTS LTD 


Manufacturers of Nucleonic Equipment 


MINI 


The 900 series Mini-Monitor 


Certificate no. 


WATIOWAL 
ACREDITATION 
OF CEATIFICATINN| 
BaDIES 


FM23048 


The 900 series Mini-Monitor 


The 900 Series Mini-Monitor 
Scintillation Probes 


GAMMA SCINTILLATION 

PROBE TYPE TYPE 41 

Sodium iodide crystal 19mm dia by 25mm thick. 
Suitable for energies from 25keV upwards. A lead 
cylinder surrounds the crystal giving the probe 
directional properties as well as reducing 
background. 

Diameter 400mm Length 210mm. 

Sensitivity 

10uSv ht ({mR/h) '8’Cs approx 1000 counts s~ 
3.7kBgq (0.1p.Ci) of "Tc at 20mm approx 130 
counts s“' 

Background 3-8 counts s~' depending on locale. 


GAMMA SCINTILLATION PROBE TYPE 41S 


Similar to type 41 but without lead shielding and 
has a larger sodium iodide crystal (25mm dia by 
38mm thick) for increased sensitivity. Suitable for 
energies from 25keV upwards. The probe is 
essentially omni-directional for medium and high 
energy gamma radiation. 

Diameter 38mm Length 217mm. 

Sensitivity 

10uSv ht ({mR/h) '°’Cs approx 3500 counts s~ 
Background 20-30 counts s~' depending on 
locale. 


X-RAY SCINTILLATION PROBE TYPE 42A 


Sodium iodide crystal 23mm dia by 1mm thick 
with a 14mg cm aluminium window. This probe 
has a higher sensitivity than the Type 41 for y 
energies below 60keV to a minimum of 10-15 
keV. An integral lead collimator makes it 
particularly useful for '751 thyroid monitoring and 
deep vein thrombosis location. 

Diameter 40mm Length 187mm. 

Sensitivity 

3.7kKBq (0.1 wCi) of 1751 at 20mm approx 330 
counts s“' 

Background 2-3 counts s~' depending on locale. 
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MINI-INSTRUMENTS LTD 
Manufacturers of Nucleonic Equipment 


X-RAY SCINTILLATION PROBE TYPE 42B 

This probe is the beryllium window version of the type 42 
and detects very low y energies down to 5keV. The 
response above 15keV is almost identical to the 42A. 
Window weight 47mg cm’. 


SCINTILLATION PROBE TYPE 44A 

(as illustrated on front) 

The sodium iodide crystal (32mm dia by 2.5mm thick) is 
mounted on the front surface of the probe to facilitate 
monitoring of large contaminated areas. It is suitable for 
a range of energies from approximately 15keV to 
250ke’V. It is also 8 sensitive for energies above 500keV. 
Diameter 50mm Length 180mm. Aluminium window 
weight 14mg cm. 

Sensitivity 

3.8, 1.6 & 1.4 counts s“ for 1Bq cm? 

(2.7 x 10-°uCi cm-*) of 1751, °°"Tc, °’Co respectively. 
Background 4—8 counts st depending on locale. 


SCINTILLATION PROBE TYPE 44B 

This probe is the beryllium window version of the above 
and extends the sensitivity down to approximately 5keV 
making it useful for Fe. 3.7kBq (0.1p1Ci) of *Fe at 
10mm approx 180 counts s“'. 

Window weight 47mg cm. 


ELECTRICAL SPECIFICATION 

Single PET 100 series for 
single output + H.V. supply. 
approximately 55Mohms. 
sealed unit giving a maximum 
of 1 volt negative pulse into a 
minimum load of 1000 ohms. 


Socket outlet: 


Dynode chain: 
Preamplifier: 


MINI-INSTRUMENTS LTD 


15 Burnham Business Park, Springfield Road, Burnham-on-Crouch, Essex CMO 8TE 
Phone: 01621 783282 Fax: 01621 783132 
e-mail: sales@mini-instruments.co.uk 

web: www.mini-instruments.co.uk 
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MINI INSTRUMENTS LIMITED 


MINI MONITOR 


TYPE 5.40 METER 


Our instruments are subject to continuous development and 
minor changes in detail may occur which are not incorporated 
in this manual. 
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1, GENERAL DESCRIPTION 


4.1 Basic Instrument. Type 5-40 


The instrument is designed for use in teaching, research, hospital 
and industrial jaboratories where work with radio-isotopes is carried out. 


The instrument-uses transistors, mounted with all other com- . 
‘ponents, on a printed circuit board. It is powered by transistor radio 
batteries having a good shelf life. The performance is unaffected by the 
batteries running down and no ‘set battery’ contral is necessary. 


The probe is connected to the instrument by either an extensible 
cable or a standard coaxial cable. It may be used remotely or attached to 
the top of the casa by aclip. A meter registers the counting rate ona 
partly logarithmic scale thus making range changing unnecessary. An 
internal speaker, which may be switched off if desired, gives an audible 
indication of intensity. 


41.2 Probe attachments 


The instrument is normally supplied with an extensible cable 
terminated by a PET series 100 plug. Most portable scintillation probes 
having a single output are suitable. The following scintillation probes 
were designed, or are suitable, for use with this instrument:— 


Mini Instruments :— + ray probe type 5-41 
X ray probe type 5-42 
+ ray well probe type 5-43 


Nuclear Enterprises :— _ @probes type AP2 and APS 
; 6 probe type BP4 
a-B probe type DP2 


2. OPERATING INSTRUCTIONS 


2.1 Controls 


Thera are two external controls; a rotary switch with three 
positions — off, battery check and on — and a speaker on/off switch. 


2.2 Batteries 


The state of the batteries is indicated on the meter when the 
switch is turned to the centre position marked ‘bat chk’. In this position 
the batteries are subjected to a current drain similat to when the instru- 
ment is counting at its maximum rate. In order to ensure that the batteries 
are satisfactory the mater pointer should be observed for some seconds in 
order to detect if a downward drift occurs. If the reading falls into or 
balow the red sector on the scale the batteries should be changed. Note 
that at this stage the instrument may appear to operate satisfactorily at 
low counting rates but {oss will occur at the upper end of the scale as the 
current drain increases. The useful lifa af the batteries is well passed and 
it is therefore advisable to change them to avoid trauble from possible 
corrosion. 


Battery replacement The batteries are carried on the back plate of the 
instrument. To change them the back plate must be removed by first 
unscrewing the four instrument screws at the cornars, The batteries can 
than be unplugged and removed by unscrewing the bolts holding down the 
battery cover. 


2.3 Scintillation probe supply potential 


The photomultiplier potential can be raised from a minimum of 
500 volts to a maximum of 1500 volts which is adequate for most probes. 
With the back of the instrument removed the potential contro! is situated 
near the centre of the printed circuit board. A clockwise rotation increases 
the potential. The method of adjustment is given in 3.2. 


2,4 Mains Unit 


_. Asmall battery replacement mains unit is available to operate ail 
instruments, The componants are mounted on a printed circuit board 
which bolts to the back plate in the same position as the batteries. Press 
studs mounted on the board accept the two battery leads. The supply 
must be 50/60Hz AC 180-250 volts unlass otherwise stated. 


Note that the mains supply ts not switched by the control switch 
- on the panel so the mains unit is always on when plugged into the supply. 
The design of the unit makes the possibility af shock during servicing most 
unlikely but the mains plug should ba removed from the socket before 
adjustment is made to this unit. A three pin fused plug should be used 
with the fuse at the lowest possible rating. The current consumption is 
approximately 5mA. There is no internal fuse. 


‘2.6 Input requirements 


The input requires negative pulses approximately 100mV in mag- 
nitude and with a time constant of a few micro-seconds. The input 
impedance is approximately 3500a0hms. Care should be taken nat to feed 
in fast positive pulses of a few volts amplitude for fear of damaging the 
input transistor, The two input pins are situated at the top right hand 
corner of the board — the upper pin positive, The instrument may be used 
remotely from the scintillation probe if the extensible cable is replaced by 
a low capacity coaxial cable. A total shunt capacity up to 600 pF is 
acceptable and this allows lengths of cable up ta 15 metres to be used, 


2.6 Ratemeter calibration 


The calibration is sat at the time of the instrument's final check 
but should recalibration become necessary the details are given in section 
“6.2. 


The scaling does not include any correction for instrumental 
dead time. The dead time is set at 5Ous and so gives a loss of counts of 10% 
at 2000pps and proportionately less at lower counting rates. For norrnal 


use of the instrument this correction is seldom important. 


27 Overload rasponse 

The scintillation meters are primarily designed to achieve a hight 
sensitivity for the detection of contamination by elactran capture nuclides. 
If placed in quite weak X ory ray fields the counting rate may be so high 
that the probe 1s overloaded and will cease to function. The meter will not 
respond and the speaker becomes silent. The operator should famitiarise 
himself with the effect so as not to be caught unawares. 


3. SCINTILLATION PROBE 


3.1. Mechanical construction 


The scintillation probes have been designed to offer a small con- 
venient detector for most 7 and X ray monitoring applications. 


Each probe cantains a lead shield surrounding the sodium iodide 
crystal. This reduces the background count and gives some collimation for 
low energy y.and X rays. Figures 1 and 2 show the mechanical construction 


of the y ray and X ray probes respectively. 


The photomultiplier tube (EMI! 95248) is the one commonly used 
in portable equipment and has s 20mm diameter cathode plus 11 stages of 
multiplication. .It is surrounded by a metal shield to reduce the effects of 
magnetic field: Tha dynode chain and preamplifier components are fitted 
into the base unit which is held in the probe by a circlip. Removing this 
clip will allow the base, photomultiplier and crystal to slide out as one unit 


3.2 Photomultiplier potential adjustment 


Photomultipliers have widaly differing characteristics so it is not 
- possible to quote a. potential for a given tube. For certain applications the 

potential may be adjusted to make the probe insensitive to radiation 
energy below a chosen level. If it is required to take a note of the probe 
working potentiat this can ba done by uncoupling the probe from the 
cable and measuring the potential at the plug pin. Use a 20,0000hm/volt 
meter set on the 2500 or 3000 volt range. This will Joad the instrument 
output almost identically to the probe. 


An instrument supplied with a probe is adjusted in the following 
way :— : 


7 tay proba type 5-41 


The probe is attached to the instrument and without a Y source 
the poteritial is slowly increased until photomultiplier noise is reached. 


This shows up as a sharp rise in counting rate. The cantrol is turned back 
to just below this level and the potential is noted. 


An ?25} source giving X rays of 28 keV is brought up to the crystal 
unti] the counting rate is above S00cps. The control is turned back until 
the counting rate has again fallen away sharply. The control is then 
adjusted to half way between the two positions. The probe is sensitive 
to radiation energies exceeding 20-30keV. 


X ray probe type 542 


The probe is adjusted similarly to the y probe using 55 Fe as the 
source. This emits 5.9keV X rays. The range between tha region of noise 
and signal is much less but should be quite separable. The photomultiplier 
tube for this probe is selected for low noise. ; 


‘ Nu-Metal Encapsulated 
Lead Shield Shieid Dynode Chain & Pre Amplifier 


Sodium !gdide Photomuitiptier 
Crystal : Tube 
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Figure 1 
Sodium todide Enecapsuiated 
; Crystal ‘ Dynode Chaln & Pre Amplifier 
i Nu-Metal Pnotomultipiler 
Lead Shield Snisid Tube 
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Figure 2 


4. SCINTILLATION PROBE SENSITIVITY TO RADIATION 
AND CONTAMINATION — 


Table 1 shows the approximate response of the probes toa number 
of impartant nuclides, The graphs (figures 3 to 6) give the approximate 
response of the types 5-41 and 5-42 scintillation probes to X and ¥ radiation. 
These are calculated using published data on the detection efficiency of Nal 


107 peifem?| STEER | ag reivem? 
20 mm : 


to radiation. 


Table 1 


20mm is approximately the nearest distance of approach to the erystel 
surface from tha end of the probe. 

2. Tha figures do not inctude background, 

3. Thyroid Monitoring . 
Phantoms have been used to determine the sensitivity of the 6-42 probe to 
135| in the thyroid. With the probe against either lobe it is estimated thet a 
burden of 0.1 Ci will give a count rate of between 25 and 35 cps. 
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ZA Figure Ky] 

Type 5-41 probe — Photon detection efficiency versus Energy. The low energy cut off 
is calculated assuming 177m9/em* Al in the can sesting the crystal and 183mg/cm* Al 
in the probe end cap giving a total of 300mg/cm?. 

Hii) YS 
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Figure 4 
Type $42 proba — Photon detection efficiency versus Energy. The low energy cut off 
is mostly due to the beryllium window but crystal surface effects may also contribute. 
For this reason the position of the cut off has been set from experiments! results. 
When comparing this probe with the 541 note the shifted energy scale. Also note that 
the 22mm diameter crystal hes a collection area 1.3 times greater than the 5-41. 
Thickness of crystal 1mm. The dip at 33keV is due to the iodine absorption edge. 
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Figure 5 
Calculated response of type 5417 probe to imRoentgen/hour exposure rata. 
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Figure G 
Calculated response of type 5-42 X ray probe to ‘aitnesdisinleaien exposure rate. 
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5. MAINTENANCE 


These instructions are written to help owners keep their instru- 
ments in working order, By following them simple faults may be located 
and often repaired. 


6.1. The scintillation probe 


The probe contains items which could be damaged by a sharp 
knock. The glass photo-electron multiplier tube, protected by the probe 
case against crushing, is Not sufficiently sprung to withstand dropping onto 
a hard surface. The electrode structure may be damaged or the glass 
shattered in a severe accident. The X ray probe can be damaged by a 
knock on the beryllium window. This may cause 4 light Isak or fracture 
the crystal. 


if an instrument fails switch off, uncouple the probe and switch 
on again. With an insulated wire short intermittently the pin and body of 
the plug. lf the response tO this test is a burst of pulses with smal sparks 
then the instrument is most likely working and one must suspect the 
probe. The probe may be dismantled by first removing the circlip at the 
cable end. For this a special tool (Anderton International Ltd. pliers type 
HB2) is required. The complete unit of preamplifiar, photomultiplier and 
crystal can be gently withdrawn but in the case of tha X ray probe the 
crystal holder will need to be eased down the tube for the short distance 
of the lead shield owing to the fight tight ring seal. See the mechanical 
construction in Figures 4 and 2. Remove the circlip stop and apply gentle 
pressure to the crystal ho/der, not to the beryllium window. The compo 
nent parts of the crystal, photomultiplier and “metal shield are held 
together by 4 special PVC tape. This will have to be removed to inspect 
or replace the photomultiplier or crystal. 


it is unlikely that the sealed preamplifier and dynode chain can be 
damaged except by the application of an excessive potential. lf a compo- 
nent failure is suspected the whole probe should be returned to the manu: 
facturers for repair. See section 6.3 
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5.2 The circuit 


The circuit diagram is given at the end of the manual. A descrip- 


tion of its operation is made easier by considering the circuit divided into 
five units. 


(a) 


(b) 


{c) 


(d) 


(e) 


Battery input stabilising circuit. The line voltage of the instrument 
is 9.5 + 0.5 volts and is set by the Zener diode Z. Jz is the compa 
rator coupled to J+ and the series control Je. 


Oscillator. Transistor Ja coupled to the transformer 1, form the 
oscillator circuit. L, supplies the necessary feedback to maintain 
oscillation. The amplitude of the ascillation is limited by the diode 
D. whose potential is set by Ry7- The emf from the tertiary winding 
L, is full wave rectified using 4 voltage doubler circuit. 


Input amplifier. J, is a straight forward amplifier with @ gain of 10 
determined by feedback. It reverses the phase of the input pulse and 
supplies 4 positive signal to the blocking trigger circuit composed of 
Jo, bg,and Ls: This generates a high current negative pulse for , 
operating the diode pump circuit. 


Diode pump circuit. There are two separate PUMP circuits with 
characteristics determined to give 4 smooth response over the three 
decades of count rate. The pump clreuit containing the diodes D3 
and Ds is mainly responsible for the lower part of the scale and 
diodes D, and Dg for the upper part of the scale. The two outputs 
are linearly combined at the junction of resistors Ris and Ris- 
Time constants of 5 seconds and 1 second determined by C, and Cy 
have been chosen for the two circuits. This gives a variable sampling 
time to match the count rate over the rangeé- 


Audio amplifier. Js is connected as s common emitter amplifier and 
is introduced mainly to isolate the speaker from the pump circuit. 
The capacity-resistance combination at the base of J; cuts the pulse 
size to the speaker at high counting rates to reduce current drain. 
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6. INSTRUMENT FAULTS 


The components are mounted on a printed circuit board 
attached to tne meter and switch, Access to components can be gained by 
removing the front panel from the box. 


First check that wires have not come adrift. Make sure that the 
battery press studs are making contact and that on ‘bet chk’ the meter 
reads above tha red sector. 


6.1 Further tests 


Referring to the test carried out in section 5,1., if there is no burst 
of pulses on intermittently shorting out the Input the response may be 
either one or two accasional clicks or no response whatsosver. 


lf the response is 4 faw clicks suspect & failure in the polarising 
supply. Verify this by shorting the positive end of the rectifier 0; to earth 
using a short piece of insulated wire or an insulated screwdriver, The 
sparks should be quite visible and audible. 


\f there is no response to the test in 5.1., it suggests 4 failure of 
the pulse amplifier circuit or the battery stabilising circuit. If there is a 
good spark on sharting the high potential supply then the pulse amplifier 
is suspect. If thers is no spark suspect the battery stabilising circuit. 


The tests given are designed to assist in localiging the fault. Some 
electrical test equipment will be necassary to investigate the faults further 
together with a working knowledge of electrical faults. A circuit diagram 
and component list are given at the end of the manuel. 


6.2, Mater calibration 


The calibration of the instrument depends on the Zener diode 
operating potential and the components in the pump circuits. All these 
quantities are fixed but the replacement of any of these components may 
change the calibration. In the circuit the meter is shunted by a variable 
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resistance Ry. so that the effective sensitivity can be varied. This resis- 
tance is situated on the printed circuit board at the bottom of the left hand 


corner. 


To recalibrate inject square pulses of a few volts via a small 
condenser of about 10pF into the cable input. The pulse repetition 
frequency is set to say 500pps and the resistance varied until the meter 
reads correctly. The other frequencies should line up exactly but in prac- 
tice a small error not exceeding 10% may occur. 


6.3 Service 


With normal care and attention these instruments should give 
many years of service. \t any fault occurs to the instrument (excluding the 
photomultiplier and tube crystal) within two years that is due in our 
opinion to a manufacturing error then it will be repaired free of charge. 
The company wil! not be responsible for damage occurring in transit 
whether or not properly packed but emphasis cannot be made strongly 
enough on the need to ensure adequate packing before returning for service 
A note explaining what you believe to be wrong is often helpful. 
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COMPONENT LIST TYPE 5.40 SCINTILLATION METER 


Resistances +10% carbon. film unless otherwise stated, 

R, 100K Riz 100K pot 

Ra, 3K3 Ris 47K 

R; 100K Rig 3K3 

Rae 22K Rao 220K 5% 

Rs 47K Ra 1K2 

Re 4K7 Ree 10R 

R, 820R_. Raa 330K 2% metal film : 
Rg 10R Res 100K 

Ry 10K Ras 100K 

Rio 470K Rag 680K 2% metal film 
Ry, 4708 Rap 1K5 

Ria 47K = 5% metal film * Rag 47K pot 

Rig 4K7 . Rip 1K 

Rig 120K 2% matal film Rat 47K 


Ris 120K 2% metal film 
Ris 4K7 pot 


COMPONENT LIST continued 


C,  1000pF ceramic 4000 volt Cig 0.068uF metallised foil: 


Cy .0,1pF ceramic Cy, 220uF electrolytic 

C3; 4700pF ceramic Cy. 150uF alectrolytic 

Cy 1M@F +5% metallised foil Cy3 0.01pF ceramic 1000V 
Cs; 0.022uF +2% metallised foil Cy, 0.01uF ceramic 1000V 
Cy 47uF tantalum ; Cys 0.068uF metallised foil 
C, 10yuF tantalum : C,g 1O00pF ceramic 

Cg ‘0.1 F ceramic . Cy7 -2.2uF tantalum 


Cy 220pF ceramic 


Ly, L2,bs EHT transformer T, 
La, bs _ Winding 1, pulse transformer Ta 


Jysd3,45,5¢,J7,J9  _BCY72/BC558B 


a oe BC108B/BC548B 
Zz : BZY88/C6V2 
D,, 0, 1JK30 


By~Dy vT44 


07'S edé, 10) WyyOVIC LINDYID ‘P}T SLNAWNYISNI - INIW 


+h oo 


ja) 


(b) 


{c) 


(d) 


(e) 


a. 


Battery input stabilising circuit. The line voltage of the instrument 
is 95 + 0.5 volts arid is set by the Zener diode Z. Jg is the 
comparator coupled to J4 and the series control J¢. 


Oscillator. Transistor J, coupled 


to the Transformer T, form the 


oscillator circuit. L, .supplies we necassary feedback to maintain 
0! 


oscillation. The amplitude of the 


D7 whose potential is set by Ry7- 


scillation is limited by the diode 
‘The emf from the tertiary winding 


L3 is full wave rectified using a voltage doubler circuit. 


Input amplifier. J; is a straight forward amplifier with a gain of 10. 
datermined by feedback. It reverses the phase of the input pulse and 
supplies.a positive signal to the blocking trigger circuit composed of 
Jz, Lg, and L;. This generates a high current negative pulse for 
operating the diodes pump circuit. 
Diode pump circuit. There are two separate pump circuits with 
characteristics determined to give) a smooth response over the threa 
decades of count rate. The pump Circuit containing the diodes D3 
and Ds; is mainly responsible for the lower part of the scale and 
diodes Dy and Dg for the upper part of the scale. Tha two outputs 
are linearly combined at the junction of resistors Ry, and Ris. Time 


- constants of 5 seconds and 1 second determined by Cs and C7 have 


been chosen for the two-circuits. This gives a variable samplitg time 
to match the count rate over the range. : 


Audio amplifier. Jg is connected as a common emitter amplifier and 
is introduced mainly to isolate the speaker from the pump circuit, 
The capacity-resistance combination at the base of J; cuts the pulsa 
size to the speaker at high counting rates to reduce current drain. 


Overload circuit. Excess current drawn 1 through the probe wher: in a 
radiation flux exceseding the scale limit causes Jy to conduct and the 
collector currant maintains the deflection. The potentiometer Rog 
sets the limit when this occurs. 


Thea company believes it has taken all reasonable precautions to 


ensure that the correct use of these instruments does not endanger the 
health and safety of any person but it is essential that parsons using these 
instruments should ‘be. trained to interpret the results sensibly and ba 
aware of thelt limitations. Ge 


To help the operator some of these limitations are described 


below— 


(a) 


e 


{c) 


(d) 


(e) 


(f) 
(g) 


Make sure that the batterias are i | good order. Do not perform the 
battery check too hastily or it wil not give a true indication of 
battery charge. d 

Make sure that the instrument is ahi by noting if itis responding 
to background. It is also sansible to check the instrument with a. 
radioactive source to see if it is] giving the expected reading and 
audible signal. 
The probe determines the characteristics of the instrumant. Make . 
sure you are using the probe for a radiation it was dasigned to 
measure, ; 

Soma X-ray machines and particle accalarators produce radiation in 
short pulses, If the intensity, of) the radiation in these pulses is 
sufficient to cause a response at ‘a rate exceeding an order of 
magnitude less than the pulse rapetition frequency then nonlinearity 
of response will occur. In the limit the instrument indicated pulse 
repetition frequency and not the radiation intensity. 


The probe and/or instrument may fail to read at radiation intensities 
aboye ‘full scale. Tha instrument contains an overload circuit to 


_ maintain full meter reading but this will not operate unless it is 


correctly adjusted for the particular probe. Operators should 
familiarise themselves with this effect. A reading beyond full scale 
should be interpreted as essentially dangerous ‘and action should 
be taken immediately. 

All probes are fragile, !f you drop the probe it may not a again. 


The instrument Is not tropicalised or ruggedised and will not work if 
dropped into a pond or run over by a tank! 
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1.1 


1.2 


GENERAL DESCRIPTION 


BASIC MONITOR 


The monitor is designed for use in teaching, research, 
hospital, industrial laboratories and other areas where 
radiation levels need to be measured down to the accepted 
levels of safety. 


The monitor is powered by easily available primary cells or 
may be mains operated from a small power unit. In addition 
rechargeable cells can be used which are recharged by using 
the same power unit. 


The probe is connected to the monitor by a coiled extensible 
cable. It may be used remotely or attached to the case by a 
clip. A meter registers the intensity on a semi-logarithmic 
scale thus making range changing unnecessary. An internal 
speaker, which may be switched off, gives an audible 
indication of intensity. 


The monitor has a warning alarm adjustable to trip at any 
selected level on the scale. It can be made inoperative during 
normal use but will respond on overload. 


PROBE ATTACHMENTS 


The monitor is available with three different probes, each 
identified as a separate model. The probes cannot be 
exchanged as the meter is uniquely scaled for the probe. 


(a) Model R This model is scaled 0.5 to 5000uSv h-'. The G- 
M tube is compensated to give a useful response from 
45keV to 1.25MeV and above. The tube has a response 
nearly independent of orientation but the most reliable 
measurements are made with the incidence of radiation 
normal to the axis of the tube. 


(b) Model G This model is scaled 0.05 to 75uSv h-". The G- 
M tube is compensated to give a useful response from 
55keV to 1.25MeV with the radiation normal to the axis of 
the tube. 
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(c) 


Model D Is scaled 0.1 to 1000uUSv h-*. The G-M tube is 
partially compensated to give a response from 30keV to 
1.25MeV. The detector is directional, particularly at low 
energies, and must therefore only be used where the 
radiation is incident on the front face of the detector. 


The probe may be used further from the instrument than 
allowed by the extensible cable. Up to 15 metres of low 
capacity co-axial cable is acceptable. 
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2.1 


2.2 


2.3 


OPERATING INSTRUCTIONS 
CONTROLS 
There are two external controls: 


(a) A four position rotary switch labelled with symbols OFF, 
BAT, ON, ON (SPEAKER OFF) 


(b) A screwdriver control to set alarm level. 


CONNECTORS 
There are two external connectors: 


(a) A2.1 mm coaxial low voltage DC power connector 
12- 18 volts d.c. 80mA max — centre contact is —ve. 


(b) Adetector PET connector. 


BATTERY 


The state of the battery is indicated on the meter when the 
switch is turned to the position marked ‘bat’. In this position 
the battery is subjected to a current drain in excess of that 
used in normal operation. In order to ensure that the battery is 
satisfactory the pointer should be observed for about 15-20 
seconds to see if it falls below the green sector. If so, the 
battery should be changed or if rechargeable, put on charge. 


The battery is contained within the rear compartment. A half 
turn on the screw lets down the flap to reveal the six cells 
contained in a removable holder. Take out the holder and 
replace the cells observing the correct polarity. The label on 
the hinged flap suggests some suitable replacement types. 
Make sure the monitor is off before connecting the press 
studs as an accidental reversal may damage the circuit. 
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2.4 


Suitable batteries are: 


6 x AA Cells 
Standard IECR6, SP7, UM3 
Alkaline IEC LR6, AM3, MN1500 
Rechargeable IEC KR15/51 

MAINS OPERATION 


The monitor may be operated from the mains by using a 
separate power unit. For electrical safety reasons it MUST 
use a ‘double insulated’ isolating transformer. The unit 
supplied by Thermo Fisher Scientific is recommended as it 
conforms to the appropriate specifications. The same unit 
also provides the charging current when rechargeable cells 
are fitted. 


The unit is plugged into the jack socket on the right-hand side 
of the case. A green LED shows when in use. When the 
power unit is plugged in, the internal batteries are 
disconnected but make sure that the internal charge switch is 
‘off if the cells are not rechargeable. 


Mains units are available for the following supplies: 


210 — 250V, 50Hz and 110 — 120V, 60Hz 
Output 12 — 10 volts d.c. at 75mA 


There is no internal fuse in the monitor. Should a failure occur 
that overloads the mains power unit a thermal protection 
device cuts off the mains input. The thermal device is not 
resettable. 
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2.5 BATTERY CHARGE 


The mains unit can be used to replenish rechargeable cells. 
When the cells are exhausted, plug in the mains unit and 
switch the charge switch within the battery compartment over 
to ‘charge’. The charge rate is 45mA and charging is complete 
in 16h. Do NOT charge primary cells. When the charge is 
complete, switch off the charger at the mains. 


WARNING: 


Ensure that the internal charge switch is 
only set to the ON position when 
rechargeable batteries are fitted. Do not 
attempt to charge primary cells — 
attempting to do so may result in 
battery electrolyte leakage. 


2.6 SETTING THE ALARM 


The alarm level is variable from zero to beyond the limit of the 
scale. It is set by using a test source to give the desired level 
and adjusting the front panel control with a small screwdriver. 
The alarm resets when the radiation level falls below the trip 
level. If the control is turned fully clockwise the alarm is 
disabled for all levels on the scale. The alarm is not disabled 
for overload conditions providing this adjustment is correctly 
made: see section 5.5. In addition the alarm is not switched 
out by the ‘speaker off’ position. 
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3.1 


RESPONSE TO RADIATION 


The monitors are calibrated against exposure using a MICs 
source traceable to national standards. Tests are made at four 
points on the scale plus overload to satisfy UK 
recommendations and to check compliance with IEC 
document 395. For practical reasons these tests are carried 
out on the basis that 1 Sievert equals 100 Roentgens 
exposure. 


You are strongly advised to have the monitor response 
checked at least yearly. This can be carried out by the 
company. 


MODEL R 


The G-M tube is mounted, together with its compensating 
shields, in a thin walled aluminium tube. The sensitive length 
is 20mm. 


Figure 1 shows the relative energy response of a sample 
tube. 


Figure 2 shows the polar response at 60keV. The response 
improves at higher energies. 


A paralysis time of 50us is included in the scaling of the 
meter. The correction does not exceed 25% at full scale. 


Response to other ionising radiation. The monitor detects 
radiations other than X and y rays. The response quoted 
below is defined as scale reading divided by true equivalent 
dose rate. 


Soft 6 negligible 
Hard B 0.02 
Neutrons (**'Am/Be) 0.03 


Response time This is the time taken for the meter to 
indicate 63% of a sudden tenfold change in radiation level. 


Doserate change Response time 
1-10 8s 
10 - 100 3s 
100 — 1000 1.5s 
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3.2 


Transport index To assist in the use of this instrument for 
measurement of packets and containers in transport the 
transport index (Tl) at 1 metre is marked on the scale below 
the ‘replace battery’ sector. 


MODEL G 


The G-M tube is nearly 20 times more sensitive that the type 
‘R’ tube and is energy compensated for radiation normal to 
the axis. In practice, a tilt of +45° makes only a small 
percentage difference to the reading. 


Figure 3 shows the relative energy response of a sample 
tube. 


Owing to the large size of the tube, care should be taken in 
the interpretation of measurements made in divergent 
radiation. Point sources should not be brought closer than one 
metre to the axis to keep errors below 5%. 


The scale has been corrected to compensate for a paralysis 
time of 200us. 


Response to other ionising radiation. The monitor detects 
radiations other than X and y rays. The response quoted 
below is defined as scale reading divided by true equivalent 
dose rate. 


Soft 6 negligible 
Hard B 0.001 
Neutrons (4-5MeV) <0.01 


Response time This is the time taken for the meter to 
indicate 63% of a sudden tenfold change in radiation level. 


Doserate change Response time 
0.1-1 12s 
1-10 2s 

10 — 100 0.5s 


Internal background. The 900G tube has an _ internal 
background count of approximately 0.46 counts s-'. The 
special 9OOGL tube has a background of approximately 0.18 
counts s-’. These correspond to 0.033uSvh-" and 0.013yuSvh- 
' respectively. This should be taken into account when 
measuring low background rates. 
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3.3 


MODEL D 


The instrument is scaled from 0.1 to 1000uSvh-". It uses a y 
compensated end window G-M tube where the energy 
compensation is provided by a combination of copper, tin and 
plastic filters. The thin window is only partially obscured by 
the filters, a feature which enables the 900’D’ to maintain a 
useful response down to 17.5keV where the response factor 
is typically 0.5 relative to '*’Cs. 


Figure 4 shows the photon energy response of the G-M tube. 
The response is normalised to 0.662 MeV ('*’Cs) and has a 
range of 30 keV to 1.25 MeV +20%/-12%. This response was 
obtained with the radiation flux incident on the front face of the 
probe in the axial plane of the G-M tube. This is the normal 
operating position for making measurements. 


The monitor has an internal paralysis time of 75us giving a 
counting loss of less than 20% at 1000uUSvh-'. No correction 
need be applied as the meter scaling includes a correction. 
Directional response 


The directional (polar) response is summarised below. 


E(keV) Maximum deviation from normal 
Incidence over first 45° 
65 +7% to — 12% 
100 +2% to —-6% 
161 0% to — 9% 
662 0% to-— 10% 


At lower energies the variations in directional response will be 
greater. To reduce the error always try to point the probe 
directly at the source of radiation. 
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Response to other ionising radiation The monitor detects 
radiation other than X and y rays. The response quoted below 
(with the cap off) is defined as the scale reading divided by 
the true dose equivalent rate. 


Sr YB 0.8 
Neutrons (““'Am/Be) 0.03 


A substantial part of the G-M tube window (superficial density 
1.5-2.0mg cm-?) is not covered by the y compensating filters. 
The monitor will therefore respond to B radiation of 150keV 
and above. Care should be taken when interpreting the 
monitor readings in the presence of poorly shielded £ 
sources. When y and 8 radiation are present together the 
monitor will generally overestimate the doserate. The 
response shown below (with the cap off) is defined as the 
scale reading (uSvh-") divided by the skin doserate (uSvh-"). 


Nuclide Distance E(max MeV) Response 
(cm) 
MS r/Y 30 2.20 0.54 
id 30 0.76 0.24 
“7Bm 20 0.22 0.22 


End cap over the energy range 30keV to 1.25MeV the 
protective end cap can remain n place. At 30keV the 
difference between cap on and cap off response is about 3%. 
At higher energies the attenuation is negligible. With the cap 
in place, only those beta particles with an energy above 
400keV will be detected. 


Response time This is the time taken for the meter to 
indicate 63% of a sudden tenfold change in radiation level. 


Doserate change Response time 
1-10 3.58 
10 — 100 2s 
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PRECAUTIONS IN USING RADIATION MONITORS 


The company believes it has taken all reasonable precautions 
to ensure that the correct use of this monitor does not 
endanger the health and safety of any person but it is 
essential that persons should be trained to interpret the 
results sensibly and be aware of the limitations of the monitor. 


To help the operator some of these limitations are described 
below. 


(a) 


(b) 


MIMO002 


Make sure that the battery is in good order. Do not 
perform the battery check too hastily or it will not give a 
true indication of battery condition. 


Make sure that the monitor is working by noting if it is 
responding to background. It is sensible to check the 
monitor with a radioactive source to see if it is giving 
the expected reading and audible signal. The test 
source need not be traceable but a consistent source- 
to-tube geometry should be maintained. 


The probe determines the performance of the monitor. 
Make sure the correct probe is chosen for the radiation 
you wish to monitor. Remember that the ‘R’ and ‘G’ 
monitors have a sharp cut off below about 50keV and 
should not be used to measure soft X-rays from low 
voltage equipment. 


Some X-ray machines and particle accelerators 
produce radiation in short pulses. If the intensity of the 
radiation in these pulses is sufficient to cause a 
response at a rate exceeding an order of magnitude 
less than the pulse repetition frequency then non- 
linearity of response will occur. At the limit the monitor 
indicates pulse repetition frequency and not the 
radiation intensity. 


Owing to the nature of the tube construction a pencil 


beam does not give a true reading. The entire probe 
must be within a flux of constant intensity. 
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(f) 


MIMO002 


The monitors are not suitable for the measurement of 
contamination or 6 dose rate. 


The meter reading of G-M tube monitors is prone to fall 
back at very high radiation levels. The monitor contains 
an overload circuit to maintain full meter reading but its 
operation depends upon correct adjustment of an 
internal control. Users should occasionally check that 
full scale is maintained at high radiation levels. Do not 
try to estimate a reading off scale. 


The monitor is not intrinsically safe and must not be 
used in potentially explosive atmospheres. 


All probes are fragile. If you drop the probe it may not 
work again. 


The monitor is not ruggedised and will not work if 
dropped into a pond or run over by a bus! 
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5.1 


MAINTENANCE 


The instructions that follow are written to help owners make 
certain repairs themselves. An expertise beyond that 
necessary to operate the monitor may be required and the 
company cannot be responsible for damage incurred to 
monitors or persons while carrying out these instructions. If 
there is doubt the monitor should be returned to the 
manufacturer. 


If the monitor fails after having checked the battery then 
access to the components and pre-set controls is obtained by 
removing the front panel. 


The components are mounted on a printed circuit board 
attached to the meter and switch. 


G-M TUBE REPLACEMENT 


The model ‘G’ probe is a sealed assembly and repair is only 
possible after returning it to the factory. The G-M tube in the 
‘R’ and ‘D’ models may be replaced by the user. Both need a 
special tool to remove the circlip (Anderton type HD2) but long 
nosed pliers will do. On the model ‘R’ make a note of how the 
connections are made to the pins on the tube base as a 
reversal will damage the tube. 


For the model ‘D’ remove the circlip from the probe housing 
using a suitable tool. Withdraw the G-M tube/spring assembly 
and disconnect the anode and cathode leads. The anode clip 
can be simply pulled off but the cathode lead has to be 
unwrapped from the spring. When re-connecting the cathode 
lead use plastic insulating tape to secure it in place. During 
replacement operations it is a good idea to keep the protective 
transit cap on the tube. 


If the discarded tube is identical to the replacement tube then 
it is likely that none of the internal controls will require 
adjustment. However, you may be statutorily required to 
check the response. In particular you must ensure that the 
overload control is correctly set. See section 5.5. 
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5.2 


5.3 


METER ZERO ADJUSTMENT 


The mechanical zero is set on the meter barrel and any 
adjustment must be made with the monitor switched off. The 
pointer must rest at approximately 1mm below the scale zero. 
With the monitor switched on the electrical zero control R34 is 
now adjusted to bring the pointer back to the scale zero. 
Owing to background radiation it must be adjusted with the G- 
M tube disconnected. Allow several minutes for the meter to 
settle before making the adjustment. 


METER CALIBRATION 


The calibration potentiometer R31 is situated at the bottom 
centre of the printed circuit board. To recalibrate inject square 
pulses of a few volts via a 100pF (2kV) capacitor into the G-M 
tube input pin (junction of R22/C14). The pulse repetition rate 
will need to be corrected to allow for paralysis time correction 
built into the scale. The table below relates the scale with the 
pulse repetition frequency (PRF). 


This correction is shown in the table below: 


Model R PRF Model G/GL PRF 
Scale reading Input pulse 
ySv h-" frequency wSv h-' 
5000 3114 75 1016 
2000 1427 50 727 
1000 749.7 10 164 
100 78.58 1 16.9 
10 7.90 0.1 1.7 
Model D PRF 
Scale reading 
ySv h-" 
1000 1925 
500 1037 
100 221 
50 112 
10 22 
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5.4 


5.5 


5.6 


HV SUPPLY 


The detector HV supply can be varied from 300 to 650 volts. 
The control for adjusting the HV is R18. Anti-clockwise 
rotation increases the potential. The voltage is best measured 
using a high resistance meter, at least 20kohm/V, connected 
between the junction of R22/C11 and OV. The required 
operating voltage is 450V for the model ‘G’ and 550V for 
models ‘R’ and ‘D’. 


OVERLOAD SETTING 


An overload circuit ensures that the meter pointer remains 
over maximum deflection for radiation intensities exceeding 
many times the maximum scale reading. The adjustment 
depends on the HV setting and G-M tube and must be done 
whenever either is changed. The control for setting the 
overload alarm point is the potentiometer R20. 


To adjust the alarm set the function switch to the ‘speaker off 
position and turn the control fully anti-clockwise. Using a 
strong source send the meter well over the maximum scale 
mark, adjust the control to sound the alarm. Check that the 
alarm stops sounding when the source is moved to a position 
where the reading is equal to the maximum scale mark on the 
meter. If necessary re-adjust the control until this condition is 
met. In case of difficulty the company should be consulted. 


CLEANING AND DECONTAMINATION 


Use a damp cloth with mild detergent, or proprietary anti-static 
foam cleaner (Amberclens). 
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6. SERVICE & GUARANTEE 


With normal care and attention this monitor should give many 
years service. If any fault occurs to the monitor within two 
years of purchase (one year for the detector) that is due, in 
our opinion, to a manufacturing defect then it will be repaired 
or replaced without charge. 


If a fault occurs outside the guarantee period the company or 
its agents will service the monitor. A note explaining what you 
believe to be wrong is often helpful. If the customer wishes to 
repair the fault the company will give technical help. However 
the company does not wish to abrogate its prime responsibility 
to its customer to third parties and service organisations. If 
these organisations are employed we would ask for the 
monitor to be forwarded to us, untampered with, for service. 
Overseas customers should return instruments by air parcel 
post, not air freight. 


The company will not be responsible for damage or loss 
occurring in transit to the company whether or not properly 
packed but emphasis cannot be made strongly. 


The address is: 


Service Department 
Thermo Fisher Scientific 


Bath Road 

Beenham 

READING RG7 5PR 

Berkshire 

ENGLAND 

Telephone: 0118 971 2121 National 
+44 118 971 2121 International 

Fax: +44 118 971 2835 
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7. CIRCUIT DESCRIPTION 


The circuit diagram is given at the end of the manual. The 
circuit operation is as follows: 


MIMO002 


(a) 


(b) 


(c) 


(d) 


(e) 


Battery input stabilising circuit. The line voltage of 
the monitor is 5.8 + 0.2 volts and is set by the 
reference diode D4. Ic2 is the comparator coupled to 
the series control TR1. 


HV Converter Transistor. TR4 coupled to the 
transformer T1 forms the flyback converter circuit. IC3 
forms a gated oscillator to provide the drive for TR3 
and TR4. The output voltage is stabilised by negative 
feedback via a resistive divider to a gate in IC3 which 
controls the oscillator frequency. Adjustment to the 
divider and hence the HV level is provided by R18. The 
waveform across the secondary winding of T1 is half 
wave rectified to provide the detector voltage. Voltage 
doubling is used for the scintillation monitors and 
detectors operating above 600V. 


Input amplifier TR5 and TR6 from an amplifier with a 
gain determined by feedback. It reverses the phase of 
the input pulse and supplies a positive signal to a 
monostable circuit |C4b which determines the paralysis 
time. The input requires negative pulses exceeding 
100mV into approximately 3000 ohms. 


Ratemeter circuit Two analogue outputs from IC5 are 
combined to give a signal nearly proportional to the log 
of the input pulse rate. This output is applied to an 
operational amplifier |C6a which drives the meter. The 
potentiometer R31 sets the meter scale and R34 the 
meter zero. 


Audio output The speaker derives its power from IC7 
which produces a 300us pulse when triggered by the 
monostable (IC4b). This connection is switched at the 
front panel to suppress a pulse output. A similar but 
unswitched connection from the comparator sets off 
the timer to give the alarm. 
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(f) 
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Comparator The comparator IC6b compares the 
potential on the set alarm control with an output from 
the meter amplifier IC6a. If the latter is greater the 
comparator trips and sets off the timer. A little 
hysteresis is applied to smooth out the random nature 
of the input. 


Overload circuit Excess current drawn through the 
probe when in a radiation flux exceeding many times 
the scale limit causes the comparator formed by IC3d 
to trip thus maintaining the deflection of the meter. The 
potentiometer R20 sets the limit when this occurs. 


Page 17 


SPECIFICATION 


Case size 


Weight 


Material 


Battery 
(6 cells) 


Battery life 
(at 4h/day) 


HV supply 
Response time 
Accuracy 
Linearity 


Meter 


Ambient temperature 


Relative humidity 
Detector type 


165mm high, 180mm wide, 110mm 
deep 


1.0 kg 


Coated aluminium 


Normal AA cells IEC type R6 
Alkaline cells IEC type LR6 
Rechargeable cells IEC KR15/51 


Normal cells 150 hours 

Alkaline cells 300 

Approx. 300-650V at 50 uA max 
See section 3 

IEC 395 Class 2 

+10% over first 75% of scale 


Taut band 0.5mA full scale over 
65mm 


-10 to +40 deg. Celsius 
Up to 85% non-condensing 


Halogen-quenched G-M tube 


Model dependent characteristics 


Measurement 
Range 


Energy range 


Paralysis time (uS) 


Coefficient of 
variation 10% at: 


Sensitivity in counts 
s-/uSv h-" ("°’Cs) 
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R G D 
0.5-5000 0.05-75 0.1-1000uSvh-* 
45keV- 55keV- 30keV-1.25MeV 
1.25MeV 1.25MeV 
55 180 75 
7 0.5 2.5yuSv h-" 
0.95 14 2.2 
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9. COMPONENTS LIST 
Resistors 


All resistors MFR4 unless otherwise stated. 


R1 330R R25 4K7 

R2 27R R26 39K 

R3 390R R27 22K 

R4 47K R28 See table below 
R5 6K8 R29 1MO 

R6 82K R30 1MO 

R7 22K R31 2KO potentiometer 
R8 4M7 R32 7K5 

RQ 100K R33 180R 

R10 470R R34 100K potentiometer 
R11 330K R35 180R 

R12 68R R36 82K 

R13 180R R37 10K 

R14 10R R38 10K 

R15 400M thick film R39 24K 

R16 220K PRO1 R40 10K 

R17 1M8 R41 330K 

R18 2M0 potentiometer R42 22K potentiometer 
R19 See table below R43 4M7 

R20 220K potentiometer R44 47K 

R21 1MO R45 47K 

R22 1MO PRO1 R46 10K 

R23 3K3 R47 120K 

R24 10K 
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Capacitors 


C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
cg 
C10 
C11 
C12 
C13 


Diodes 


D1 
D2 
D3 
D4 
DS 
D6 
D7 
D8& 
D9 
D10-15 


100nF ceramic 
47nF ceramic 
470uF electrolytic 
100nF ceramic 
22nF ceramic 
220pF polystyrene 
100nF ceramic 
6n8F ceramic 2kV 
Not fitted 

Not fitted 

6n8F ceramic 2kV 
100nF ceramic 
100uF electrolytic 


IN4001 
BZX83C9V1 
IMO5120 
ICL8069 
IN4148 

IN4148 

BY584 

See table below 
See table below 
IN4148 


Transistors 


TR1 
TR2 
TR3 
TR4 
TRS 
TR6 


Model dependent component values 


R19 
R28 
C17 
C18 
C19 
C20 
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BC328 
BC548B 
BC558 
BC639 
BC548B 
BC548B 


polystryrene 
polystryrene 
electrolytic 
electrolytic 


R 
47K 
68K 
2n2F 
100nF 
10uF 
2u2F 


C14 
C15 
C16 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 


IC1 
IC2 
IC3 
IC4 
ICS 
IC6 
IC7 


M1 


1nOF ceramic 2kV 
4n7F ceramic 
1nOF polystyrene 
See table below 
See table below 
See table below 
See table below 
100nF ceramic 
4n7F ceramic 
100nF ceramic 
4n7F ceramic 
100nF ceramic 
2n2F polystyrene 


LM317 
7611DCPA 
HEF4001 
HEF4013 
HEF4066 
LM392N 
TLC555CP 


500 YA taut band 
moving coil 


10. PARTS LIST 


900116A 


11. DRAWING 
900117 
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900 Basic PCB Assembly 


900 Circuit Diagram 
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from figures supplied by NRPB 


Relative response 
Oo 
a 


— a 

et 
TTT 

10 100 1000 


Fig. 1 Photon energy response (air kerma) in keV of type model G 
dose rate meter normalised to 1.00 at 137Cs. 
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Normal direction of 
incident radiation 


Fig. 2 Polar response of the model R dose rate meter to 
60 keV 241am y rays with figures supplied by NRPB 
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1. INTRODUCTION 


The 7-10 series of alarm monitors are mains driven instruments designed to give a continuous 
assessment of radiation intensity in the vicinity of the detector. 


An alarm is sounded if the radiation level exceeds a pre-set value set by the operator. Additional relay 
contacts are provided for an external alarm or lamp. An analogue output is also available for driving a slave 
meter or chart recorder. There are extensive fail-safe facilities. 


The series is available as six models. With the exception of the 7-10C all models use compensated 
G-M tubes. The models are: 


Modei Detector type Meter scaling 
7-10R MC10 0.5 to 5,000uSv h™ (0.05 — 500mR h™') 
7-10RL MC20 0.5 to 1,000uSv h™ (0.05 — 100mR h') 
7-10D 900D 0.5 to 1,000uSv h™ (0.05 — 100mR h™') 
7-10G MC70 0.05 to 75uSv h7' (0.005 — 7.5mR h™') 
7-10GL MC71 0.05 to 75uSv h! (0.005 —7.5mR h') 
7-10C specified 0.5 to 2,000 counts s™' 

by user 


Models G, R and RL are general purpose gamma alarm monitors. The 7-10D detector has an extended 
low-energy response and is useful for monitoring X-ray apparatus operating down to 50 kV(p). The 7-10GL is 
similar to the 7-10G but is modified for environmental monitoring and uses the MC71 tube which has a low 
intrinsic background count. 


The 7-10C is intended for applications where the customer has supplied the detector or another type 
of Mini-Instruments probe is used. 


2. INSTALLATION 


2.1 Mains supply and fuses 


There is no mains switch so the instrument is ON when connected to the mains supply. The 
instrument is supplied with a mains cable fitted with a plug appropriate to the local standard. Should it be 
necessary to use an alternative mains connector the cable is colour coded as follows: green/yellow = earth 
(ground), blue = neutral, brown = live. 


The instrument can be wired for a supply of 200-250V or 100-125V at 50-60Hz alternating current. A 
label by the input connector indicates the factory voltage setting. Check that this is set correctly for your local 
supply otherwise refer to section 7.1. For safe operation this instrument MUST BE EARTHED (GROUNDED). 


The mains fuses are housed in the connector housing and are 20mm size. 


For 100-125V operation 100mA anti-surge 
For 200-250V operation 50mA anti-surge 


2.2 Rechargeable battery 


A switch for isolating the internal back-up battery is located on the back panel. Before packing and 
shipment the switch is placed in the OFF position. When the instrument is first connected to the mains, switch 
the battery ON to allow the battery to charge. On receipt the battery will be in a discharged condition so it 
will be necessary to leave the instrument connected to the mains for at least 12 hours to facilitate complete 
recharging. To prevent damage to the battery it is advisable to switch the battery OFF when the instrument 
is not in use. 


2.3 Mounting 


The instrument is designed to be bench or wail mounted. There are two slots on the rear panel for 
fixing with roundhead screws (No 8, shank diameter 4mm) spaced 150mm apart. Drive the screws into the 
wall leaving a gap of about 7mm between the underside of each screw and the wall. The instrument then 
hangs correctly with the two rubber feet keeping the lower edge off the wall. Holes are provided in the 
detector clip for wall mounting. When fixing the cable with cable clips take care not to damage the cable 
insulation. 


\f the probe is to be used in the same vicinity as the instrument the bracket can be attached to the 
side of the case using the holes provided. 

The connecting cable for the detector is normally supplied 3m long but can be up to 10m therefore 
allowing the detector to mounted away from the instrument. 


Longer distances of up to 100m can be used in conjunction with a special pre-ampilifier developed for 
this purpose. The pre-amplifier is powered from the detector HV supply and is simply inserted in the cable, 
preferably within 1m of the probe. Using a longer cable or pre-amplifier will have the effect of increasing the 
apparent dead-time of the probe. It is therefore essential to have the instrument and probe combination 
calibrated using the desired cable length. 


3. OPERATING INSTRUCTIONS 


3.1 Initial test 


If the instrument is supplied with a detector all the necessary internal adjustments will have been 
made during manufacture. If you are using your own detector please refer to section 7.3 for advice on setting 
the high voltage (HV) and overload controls. First connect up the detector and connect the instrument to the 
mains supply. On applying the power the alarm sounds and the red light shows. lf the detector is connected 
and set correctly then, within a short period, the alarm ceases and tne green lignt shows, providing the 
radiation level does not exceed the pre-set trip level and the LATCH is OFF. 


The initial delay in resetting the alarm depends on the arrival of the first pulse from the detector. If 
the alarm does not reset within 5 minutes a fault condition is indicated. 


Depressing and releasing the TEST ALARM switch also resets the alarm and if a fault exists the alarm 
sounds after a short delay. 


3.2 Alarm Trip Level Adjustment 


The alarm trip adjustment control is located on the rear panel. First loosen the set screw above the 
slotted shaft then press the SET ALARM switch to display the level on the meter then, using a screwdriver, 
adjust the control. When the desired trip level has been set retighten the set screw. The alarm trip level may 
be put just beyond maximum scale reading. This disables the normal alarm facility but does not inhibit the 
overload alarm function. 


3.3 Alarm Latch 


With the LATCH switch OFF the alarm resets itself when the radiation level falls below the trip level. 
There is a small amount of hysteresis applied so the reset occurs at a point 10% to 20% lower than the initial 
trip setting. This reduces the effect of statistical fluctuations on alarm operation. 


With the LATCH switch ON the alarm, once triggered, continues to sound regardless of the 
subsequent radiation level. The alarm can only be reset by manual operation of the LATCH switch. The TEST 
ALARM switch does not reset the alarm in this case. 


= * 


3.4 Test Alarm 


This function tests the operation of the instrument by injecting pulses into the input circuitry and 
activating the alarm. When the TEST ALARM switch is pressed the meter should read in the small green sector 
below the normal scale. At the same time the audible alarm sounds and the red light shows. When released, 
the switch resets the alarm if this has been initiated by a reduction in background or failure of the detector 
assembly. It does not reset the alarm if this is due to radiation exceeding the trip level. 


The HV supply to the detector is switched off when the test function is activated. 
i 


4. INTERPRETATION OF THE MEASUREMENTS 


4.1 7-10R 


The MC10 G-M tube used on this model is energy compensated and is effective over a wide solid 
angle. Figure 1 shows the relative energy response of a typical production tube. The radiation flux is incident 
in a direction perpendicular to the axis of the tube. The response is normalised at 0.662MeV gamma radiation 
from '"Cs. 


The scale incorporates a correction for loss of counts resulting from the 60us paralysis time. 


4.2 7-10RL 


The MC20 G-M tube used on this model is double the sensitivity of the 7-10R and is useful for 
monitoring radiation in the 1 to 10uSv h” range. The energy compensation is effective over the range 45keV 
to 1.2MeV with the radiation flux incident in a direction perpendicular to the axis of the tube. Refer to Figure 2. 


A correction for loss of counts resulting from the 200us paralysis time is incorporated in the scale. 


4.3 7-10G 


The MC70 G-M tube used on this model is about 8 times more sensitive than the MC20 (7-10RL). The 
tube is energy compensated for radiation normal to the axis and has the same response as the MC71 tube 
used with the 7-10GL. 


Owing to the large size of this tube care should be taken in the interpretation of measurements made 
in divergent radiation. Point sources should not be brought closer than 1m from the axis to keep geometric 
errors to less than 5%. 


The G-M tube produces a_ small intrinsic background equivalent to approximately 
0.03uSv h™' which should be subtracted from the scale reading. In practice the correction is usually | 
insignificant and can be ignored. At high intensities the counting loss arising from the 200us paralysis time 
is incorporated in the meter scaling. 


Relative response 
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4.4 7-10GL 


This model is similar to the 7-10G but incorporates some modifications to fulfil the role of a 


continuous environmental background monitor. 

s is a low intrinsic background version and is 
ural background levels. The tube is energy 
hows the relative energy response of a typical 


The MC70 G-M tube is replaced by the MC71. Thi 
therefore more appropriate for the measurement of nat 
compensated for radiation normal to the axis and figure 3 s 
production tube. 

00 seconds. This allows the alarm to be 
f false alarms. The following calculated 
el settings. The figures are derived 


nt has been increased from 10 to 1 
d level without a high incidence o 
larm frequency at different alarm lev 


The ratemeter time consta 
set close to the natural backgroun 
figures show the predicted false a 
assuming a constant background of 0.14Sv Ae 


16 counts s~ for 1nSv h" (*37Cs) 
100 x 16 x 0.1/0.693 = 231 counts 
Vn/ (n/100) = 6.6% 


Tube sensitivity 
Sample size n 

% standard deviation 
Set alarm at: Probability of false alarm 
3x SD. = 0.120 wSv h" 
4x SD. = 0.126 wSv ho 
5 x SD. = 0.133 wSv h" 
6x SD. = 0.140 uSv h" 


one in 5 hours 
one in 43 hours 
one in 22 days 
one in 340 days 


It can be seen that an alarm level set about 1.5 times the background is unlikely to trip but small 


changes in the background can quickly erode this margin. 


4.5 7-10D 

G-M tube type ZP1490. This extends the useful low- 
0.75 relative to 662keV 
th the radiation flux 
s normalised 


The 7-10D detector is a partially compensated 
energy photon response down to 30keV. At this energy the response is approximately 
('37Cs). At 17.4keV this figure falls to 0.5. Figure 4 shows the relative energy response wi 
incident on the front face of the tube i.e. aligned with the radial axis of the tube. The response i 
at 0.662MeV gamma radiation from Cs. 


\t should be noted that the compensation is only effective over a relatively narrow angle so that care 


must be taken when siting the detector. 


4.6 7-10C 

om 0.5 to 2000 counts s-' so that you may connect your own de- 
f 604s which is incorporated in the meter scale. If the detector has 
d to calculate the true count rate in the normal way. 


The instrument scale is marked fr 
tector. There is an internal paralysis time 0 
a longer dead time then this should be use 


True count rate = Scale reading/1-Scale reading x dead time. 
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5. PRECAUTIONS IN USING THE MINALARM MONITOR 


The company believes it has taken all reasonable precautions to ensure that the use of these instru- 
ments does not endanger the health and safety of any person. It is essential that persons using these instru- 
ments should be trained to interpret the results sensibly and be aware of their limitations. 


To assist the operator some instrument limitations and suggestions for safe use are listed below. 


a) It is important to ascertain that the instrument installed is suitable for the kind of radiation you intend to 
measure. Energy compensated G-M tubes in the models 7-10R, RL, G and GL are not suitable where there 
is a high proportion of X or gamma energy below 50keV. This applies to X-ray crystallographic machines and 
other apparatus with inherently low filtration. They are also unsuitable for monitoring alpha and beta radia- 
tion. 


b) If possible, check the operation of the instrument regularly by using a small radioactive check source 
placed at a reproducible distance from the detector to see if it gives the expected reading. Occasionally check 
the fail-safe facilities for correct operation. Also, regardless of regulatory requirements, it is advisable to have 
the instrument calibrated on an annual basis. 


c) Some X-ray machines and particle accelerators produce radiation in short pulses. If the intensity of these 
pulses is sufficient to cause a response at a rate exceeding an order of magnitude less than the repetition fre- 
quency then non-linearity of response will occur. In the limit the instrument indicates pulse repetition fre- 
quency, not the radiation intensity. 


d) The use of the two front panel lamps is to provide a fail-safe indication. When the instrument is operating 
one or other lamp will show. If no lamps are showing the cause should be investigated immediately. 


e) The instruments are not intended to be used at radiation levels in excess of the maximum scale reading. 
However, an overload circuit is incorporated to respond to accidental high levels of radiation thereby setting 
off the alarm. 

f) Radiation detectors are fragile and if you drop the probe it may not work again. 

g) The instrument is not fully sealed and must not be situated outdoors, exposed to high humidity or sub- 


jected to severe environmental conditions. It is not intrinsically safe and must not be used in potentially exp- 
losive atmospheres. 


6. EXTERNAL FACILITIES 


6.1 Meter output 

If, in addition to the meter on the instrument, a second external meter or recorder is required an out- 
put is provided on the DIN socket. A signal of 1 volt for maximum scale reading is available at a maximum 
current of 1mA. 


The pin connections, counting clockwise, on the socket are as follows: 


meter positive pin 1 
ground or negative pin 2 


6.2 Alarm connections 


A single pole double throw relay contact is provided to operate an external warning device. The nor- 
mally closed contact signals the alarm condition thereby providing a fail-safe mechanism in the event of total 
power loss. 


An external warning device must be powered by an independent supply if a full fail-safe facility is re- 
quired. If remote alarm operation using the instrument power supply is acceptable an internal link can be used 
to apply approximately 12V to the relay common contact. The maximum current that can be drawn from this 
source is 15mA. 


The output socket is only suitable for low voltage operation and UNDER NO CIRCUMSTANCES MUST 
THIS BE CONNECTED TO THE MAINS SUPPLY. The maximum rating is 24V d.c. at 1A. The pin connections 
counting clockwise from the front socket are as follows: 


made on alarm (NC) pin 3 
common contact pin 4 
made while safe (NO) pin 5 


The outer case is connected to ground. 


7. MAINTENANCE 


WARNING: LETHAL MAINS VOLTAGE IS PRESENT ON THE MAIN PRINTED CIRCUIT BOARD. To reduce the 
hazard of electrical shock it is recommended that the instrument be operated via an isolating transformer. 


7.1 Mains supply adjustment 


If it is necessary to alter the voltage setting first disconnect the mains supply and then carefully re- 
move the front panel. At the mains entry to the printed circuit board near the transformer, there are two pairs 
of holes which take wire links so that the transformer primary windings can be connected in series or parallel. 
If the voltage is altered the fuses must be changed and the label on the outside of the case marked accord- 


ingly. 


7.2 G-M tube replacement 


The G-M tube is very fragile and a sharp knock may crack the internal seals causing it to fail. It can 
be replaced as follows: 


a) 7-10R The G-M tube is held in an anodised aluminium holder. When the circlip is removed the complete 
assembly can be withdrawn through the holder. It is now a simple manoeuvre to replace the tube but take 
care to connect the leads the right way round. The centre lead must be connected to the anode pin. 


b) 7-10D The procedure is similar to that employed with the 7-10R. When re-assembling the filters ensure 
that the correct order is maintained i.e. copper first followed by the tin and finally the plastic. 


c) 7-10RL/G/GL These are sealed units and field repair is not feasible. Uncouple from the cable and replace 
with a new assembly. Retain the old tube and return it to the company as repair is sometimes possible. 


You are strongly advised to have the instrument re-calibrated if the probe is replaced. In the UK re- 
calibration would be required to ensure compliance with the lonising Radiation Regulations. 


d) 7-10C If another type of probe is fitted e.g. a scintillation probe, then it will be necessary to adjust the HV 
when a replacement is made. If in doubt please consult the company. 
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7.3 Detector Voltage Supply 


The detector supply is adjustable over the normal range of 400-1200 volts by a multi-turn 
potentiometer. First disconnect the mains supply cable. Gain access to the main printed circuit board (PCB) 
by carefully removing the front panel. The potentiometer (R209) is situated on the small HV printed circuit 
board which plugs into the main PCB. 


The high voltage supply is available on the two pins at the bottom left hand corner of the main PCB. 
If the instrument has been on during the previous few minutes sufficent charge may remain to give a small 
shock so allow about 10 seconds for the voltage to discharge to a safe level. The outer pin is positive. 
Connect a high resistance voltmeter (at least 20,000 ohms/volt or 6(0Mohms) with the scale switched to 3,000 
volts. Connect the mains supply. The alarm will almost certainly sound so try pressing the “test alarm” 
button. If this does not reset the alarm then the overload trip has operated owing to meter loading and you 
will have to carry out the adjustment with the noise or set the audible alarm switch to the OFF position. Set 
the voltage to the required value less about 15 volts to allow for meter loading. Remember that any change 
in tube voltage may need an adjustment to the overload control (see section 7.6). Typical operating voltages 
are: 


MC10/20/900D 550 volts MC70/71 425 volts 


For the 7-10C it will be necessary to set the HV to the value recommended for the probe or, 
alternatively, plot a plateau by taking a series of readings against a number of HV settings. The HV should 
then be set approx. % to ¥% along the plateau. 


See section 7.6 on overload trip adjustment. 


7.4 Meter Calibration 


Before calibration the meter zero should be checked. With the instrument disconnected from the 
mains first check and, if necessary, adjust the mechanical meter zero to bring the pointer over the zero mark 
on the scale. The adjustment is on the rear of the meter barrel. 


With the instrument operational but with the detector disconnected check the electrical zero setting. 
The zero control (R37) is located on the main PCB. Allow adequate time for the meter to settle before making 
the final adjustment. The low level trip will operate after a while but the audible alarm can be muted by means 
of the switch S2. 


The meter calibration control (R41) is situated on the main PCB. To recalibrate inject square pulses 
of a few volts via a 100pF, 2kV capacitor into the detector input. The pulse repetition frequency is set to one 
of the upper values in the table below and the potentiometer varied until the meter reads correctly. The other 
scale values should line up correctly but a small error not exceeding 10% (usually much less) may occur in 
practice. 


The scaling of the monitors takes into account the paralysis of the detector and circuit. Model G, 
scaled in counts s™', incorporates a 60us paralysis time correction. The following table relates the scale 
reading with pulse repetition frequency (PRF). 


Model R Model RL Model G/GL Model 900D Model C 
Sv ho! PRF pSv hr"! PRF pSv he! PRF uSv ho! PRF cps PRF 
5000 3418 1000 1241 75 874 1000 2052 2000 1786 
1000 817 500 708 50 619 500 1093 1000 943 
500 419 100 160 20 267 100 231 500 485 
200 170 50 81 10 137 50 116 200 198 
100 86 10 17 1 14.1 10 23 100 99 
10 8.6 1 1.65 0.1 1.41 1 23 10 10 
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7.5 Low Level Trip 


If the pulse rate falls below a certain level or stops completely due to any one or more of a number 
of possible causes the alarm is sounded. Included in this list is a failure of the G-M tube, the cable, the HV 
supply and the ratemeter circuit. It is desirable that the alarm does not sound when there is a fall in the 
instantaneous background counting rate due to statistical fluctuations. There is a time delay T (set internally) 
for which the probability of not receiving a count and therefore setting off the alarm needlessly is sufficiently 
small for this risk to be acceptable. The value of T for each model is: 


7-10R: 330s 7-10G/GL: 120s 7-10RL/900D: 250s 7-10C: 120s 


Other values of T can be obtained by replacing components R59 and C22. The maximum practical 
value of R59 and C22 is 10M and 100uF respectively giving T = 1000s. If a low sensitivity detector is used 
it is recommended that the circuit is disabled by linking pins 12/13 to ground. 


Should failure occur in the G-M tube or associated circuits there will be delay of up to T seconds 
before the alarm is sounded. It must be left with the competent person responsible for radiation safety to 
assess whether or not the delay after a failure is an acceptable risk. 


7.6 Overload Trip Adjustment 


It is in the nature of G-M tube pulse counting instruments that very high radiation levels may cause 
a signal blockage which would be recorded by the meter as a low or zero reading. Although this failure does 
not occur until the radiation level is perhaps 100 times full scale a circuit is provided to operate soon after 
full scale deflection to ensure that the meter remains off scale for all conceivable radiation intensities. 


The overload trip adjustment is a single-turn potentiometer (R24) located on the main printed circuit 
board. The control is set at the factory and is unlikely to need re-adjustment. It is, however, important that 
the HV potential is not changed as the two controls are interdependent for any one type of G-M tube. 


The operation of the overload trip facility can be checked by subjecting the detector to a rapid 
increase in radiation intensity from a low radiation intensity to an estimated level of two or three times full 
scale reading. The meter will be seen to kick violently off scale before the ratemeter circuit has responded. 
To make any necessary adjustment the control should first be turned to minimum and gradually increased 
until the above effect occurs. Over-sensitive adjustment is indicated by the meter kicking erratically for a 
radiation level less than full scale. The overload circuit always trips the alarm irrespective of the setting of the 
alarm trip control. 


77 Audible Alarm Muting 


The audible alarm may be silenced by selecting the OFF position with the PCB mounted slide switch 
S2. It is located next to the fuse on the top corner of the main PCB. Note: this also mutes the audible overload 
signal. 


7.8 Panel Lamp Replacement 


The warning lamps used are large area LEDs contained in dual in-line packages. Each “lamp” uses 
two red and green bars mounted side-by-side. To replace an LED remove the main PCB from the front panel 
and disconnect the display PCB. The defective item can now be unsoldered from the PCB and replaced. 
Reassemble in reverse order. 


7.9 Internal Fuse 


A 20mm fuse rated at 500mA (anti-surge) is mounted on the printed circuit board. The fuse protects 
the battery against a short circuit. If for any reason the fuse fails a fault should be sought in the circuits 
associated with the positive supply rail. 


10 


— ae a= il Deitel EE heel 


fel 


7.10 Battery Charging Voltage 


This will not normaily require adjustment unless the regulator (1C1) or any of the associated 
components are replaced. To set the voitage disconnect the battery. Connect a DVM between the 
two battery feed wires and adjust control R3 until the DVM reads 13.65 +/-SmV. Note: This setting 
is critical. Under voltage will result in inadequate charging whilst over voltage could lead to 
battery failure. Carefully re-connect the battery leads noting the polanty. 


7.11 Battery Replacement 


It is recommended that the rechargeable battery is replaced every 2 years. To change the 
battery disconnect the instrument from the mains and set the battery switch in the OFF position. 
Remove the rear panel. Take off the battery connections and securing clamp. Fit the new battery 
and re-assemble in reverse order. After replacement connect the instrument to the mains supply to 
allow the new battery fully to charge. See section 2. 


8. SERVICE AND GUARANTEE 


With normal care and attention these instruments should give many years of service. lf any 
fault occurs to the instrument within two years (one year for G-M tubes and photomultipliers) of 
purchase that is due, in our opinion. to a manufacturing error then it will be repaired free of charge. 


lf a fault occurs outside the guarantee period the company or its agents will service the 
equipment. A note explaining what you believe to be wrong is often helpful. If the customer wishes 
to repair the fault the company will give technical help. However, the company does not wish to 
abrogate its prime responsibility to its customer to third parties and service organisations. If these 
organisations are employed they should be instructed to return the equipment to us for service and 
repair. 


The company will not be responsible for damage occurring in transit whether or not properly 
packed; but emphasis cannot be made strongly enough on the need to ensure adequate packing 
before retuming. 


The address is: 


Service Department 
Mini-Instruments Limited 
8 Station Industrial Estate 
Burnham-on-Crouch 
Essex CMO 8RN 

UK 


Tel: (0621) 783282 
Fax: (0621) 783132 


DUE TO THE HIGH COSTS INVOLVED OVERSEAS CUSTOMERS SHOULD RETURN 
INSTRUMENTS BY PARCEL POST NOT AIR FREIGHT. 
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COMPONENTS LIST 


All resistors 0.5W 1% metai film unless stated otherwise 


470R 

680R 

2KO 

4K7 

3R9 2.5W wirewound 
22K 

91k 

12K 

10K 

3K3 

270R 1W 1% metal film 
270R 1W 1% metal film 
270R 1W 1% metal film 
270R 1W 1% metal film 
Not fitted 

3K9 

22K 

100K '/>W 2% metal film 
39K 


220K potentiometer 
4K7 

1MO 

See table below 
not fitted 

not fitted 

10K 


1000uF 25V Electrolytic 
10uF 50V Electrolytic 
470uF 10V Electrolytic 
100yuF 6.3V Electrolytic 
1nOF 2kV Ceramic 
220pF Ceramic 

220nF Ceramic 

100nF Ceramic 

100nF Polyester 

47nF Ceramic 

1n0F Polystyrene 

10uF S50V Electrolytic 
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20k Potentiometer 
100R 
15K 

1K1 

2KO Potentiometer 
1KO 

820R 

7K5 

1KO Potentiometer 
39R 

1KO 

1KS5 

10K 

680K 

100K 

4K7 

10K 

See table below 
47K 

47K 

1MO 

3K3 

See table below 
22R 


10uF 50V Electrolytic 
See table below 
See table below 
See table below 
See table below 
100nF Ceramic 
68nF Polyester 
4n7F Ceramic 
10nF Polyester 
47uF Electrolytic 
10nF Polyester 


COMPONENTS LIST (cont) 


1N4001 

green LED bar 
green LED bar 
red LED bar 
red LED bar 
1M4148 ° 
1M4148 
1N4001 
1N4148 
1N4148 
1N4001 
1N4148 
1N4148 
1N4148 

W005 bridge rectifier 


115-240V pri: 2 x 15V sec, 6VA 


G GL 
330K 330K 
47K 47K 
2M2 2M2 
2n2F 2n2F 
100nF 100nF 
22uF 100uF 
2u2F 2u2F 

100K 

47R 

390R 

150K 

10M 

400M 

820K 

24K 

Potentiometer 20K 

HEF4001B 

BC548B 

BC639 


RL 
330K 
68K 
3M3 


2n2F 


150nF 


10uF 
4u7F 


C20; 
C202 
C293 
C204 
Cros 
C206 
C207 
D201 


D202-5 


T201 


BC548B 
BC328 
BC639 
BC338 


LM317T 
ICL8212CPA 
78L05 
HEF4001B 
DG308ACJ 
ICL7660 
ICL7611 
ICL7611 
TLC555 
TLC556CN 


HV transformer 


MODEL DEPENDENT COMPONENT VALUES 


C Cc 
(G-M) (P-M) 
100K 100K 
39K 39K 
5M6 2M2 
2n2F 2n2F 
100nF 100nF 
4u7F 4u7F 
10F 10F 

22pF 

220pF 

10nF 1kV 

10nF 1kV 

10nF 1kV 

6n8F 2kV 

6n8F 2kV 

1N4148 

BY584 


HV transformer 
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NRPB-R326 


Guidance on the Choice, Use and Maintenance of 
Hand-held Radiation Monitoring Equipment 


P H Burgess 


Abstract 


This report is designed to assist users to choose appropriate radiation monitoring 
equipment. It covers a wide range of radiation sources and both dose rate and contamination 
monitoring. It also includes guidance on surveying techniques, instrument maintenance and ways of 
determining the nature of potentially complicated radiation fields. 

The Health and Safety Executive supported the preparation of this report. 


© National Radiological Protection Board Approval date: March 2001 
Chilton Publication date: May 2001 
Didcot £10.00 
Oxon OX11 ORQ ISBN 0 85951 461 7 


This NRPB report reflects understanding and evaluation of the current scientific 
evidence as presented and referenced in this document. 


5.1 General maintenance 


The most important item of general maintenance is looking after the battery box. Changing 
batteries can damage the battery connectors. Check that the connectors still have enough bite to 
produce good electrical contact even when the instrument is held at unusual angles. Check that the 
level of wear is acceptable and that corrosion is not producing poor contract. On instruments that 
use PP3 style batteries check that the wires from the battery connector are undamaged. 

One unexpected aspect is that battery lengths vary considerably within one type. The 
specification for the common AA cell allows a total variation in length of 2 mm. This means that a 
change in manufacturer can lead to a change in length. Fitting a shorter battery will produce 
unreliable contact. Fitting a larger battery will produce a good contact but will often permanently 
distort the flat spring connectors, leading to poor function when one of the original, shorter, 
batteries is fitted. 

Maintenance otherwise is generally a matter of keeping nuts and bolts reasonably tight and 
checking for obvious physical damage which would indicate the instrument has been dropped 
perhaps. If such damage is found then it may well be worth performing a radiation function check. 


5.2 Instruments with probes on cables 


One of the most vulnerable components is the cable connecting probe and ratemeter, 
particularly if it is fitted with connectors. Connecting and disconnecting cables will ultimately lead 
to the connectors coming loose on the cable, perhaps breaking either the centre wire or the braiding 
or both. Users may be careless about unscrewing collars and may turn the whole connector body. 
This can twist the connector on the cable leading to rapid failure. Users may also swing the probe 
by the connector. The connectors and cables are rarely designed for this. Particularly vulnerable in 
such circumstances are right-angle connectors, where dangling the probe on the cable rapidly leads 
to failure. Unfortunately most cables with connectors are really rather feeble for industrial use. 
Cables which are fed through a gland into the probe are generally much more reliable. 

Other cable damage includes cuts where the cable has been dragged over a sharp edge or 
squashed areas where the cable has been trapped by the lid when the instrument was placed in its 
carrying case. 

It is important that cables are inspected regularly. 


5.3 Detector windows 


Many contamination probes and instruments have thin windows. These are always 
vulnerable to damage. The effect is obvious in Geiger Miiller (GM) tubes, where damage to the 
window produces instant catastrophic failure. Damage to alpha and beta scintillation probes will 
produce a light leak, leading to a high erratic background or, in some old alpha monitors, to a fail to 
danger. In this case there is no obvious background but the instrument simply does not respond to 
radiation. In sealed proportional counters damage produces a loss of function, effectively caused by 
an increase in energy threshold as oxygen leaks in and counting gas escapes. In refillable ones 
damage means excessive refilling of the detector with counting gas. For sodium iodide detectors the 
windows are generally tougher, but damage can lead to light leaks and, more insidiously, a slow 
deterioration in the scintillator as moisture gets in. Sodium iodide is hygroscopic. The clear crystal 
rapidly turns to a yellow powder in the presence of moisture. This leads to a general loss of 
sensitivity, particularly at low energies. 

Any instrument with a thin window should be inspected regularly. For conventional alpha 
and beta scintillation probes many users are prepared to correct pinhole light defects using typists’ 
correcting fluid. This requires skill and a degree of judgement. The process must be confined to a 


very small fraction of the detector area, certainly no more than 0.5%, and should only be 
undertaken if both the RPA and the qualified person (see Section 6) are prepared to accept the slight 
drop in performance. 


5.4 lonisation chamber instruments 


Most of these instruments use desiccators to keep the electrometer amplifier dry. These 
desiccators will require regular drying, particularly if the instrument is used in cold, damp conditions. 
On many instruments the inside is quite well sealed from the outside world. If the desiccant seems 
to need frequent drying then it may be that one of the rubber seals has failed, allowing water into 
the electrometer. 


5.5 Gas refillable proportional counters 


These are the most maintenance intensive monitors. The counters require regular (daily, 
four hourly) flushing with fresh gas to remove the oxygen that diffuses in through the thin window. 
This can be done directly, from a small cylinder, or the instrument may have a built-in reservoir 
which requires only occasional refilling. In either case it is important that the detector is flushed 
regularly. If the instrument is abandoned for any length of time then it may well take several 
flushings to restore its performance. Such instruments are best suited to regular use and are not 
suitable for emergency kits, for example, where use is intermittent. 


6 Legislative requirements for testing 
The Ionising Radiations Regulations 1999! require that equipment shall: 
(a) be properly maintained so that it remains fit for the purpose for which it was intended, 
(b) be adequately tested and examined at appropriate intervals. This testing process should 


take place at least once every year. 


The RPA has a role in this process in advising the employer on appropriate means of 
checking that the instruments are serviceable, including the nature and frequency of routine checks 
and on their testing and examination. 

Periodic examination and testing is to ensure that the monitoring equipment is not 
damaged, operates as expected and remains suitable for the expected duration of use until it is next 
thoroughly examined and tested. 

In this context an instrument that operates as expected is one with a radiation response 
which agrees substantially with the expected value derived from type test data and which also 
agrees with any previous data derived from its test before use and any periodic test data. The 
Ionising Radiations Metrology Forum has produced guidance on this matter which has been 
published by the National Physical Laboratory in Good Practice Guide 14 (GPG14)’. 

This process of thorough examination and testing should take place at least every 
12 months, although it is recognised that there may be practical difficulties in achieving this in 
some circumstances. It is the employer’s duty to ensure that any significant faults are repaired and 
that the instrument is re-tested after repair where the nature of the repair could affect the 
performance of the instrument. 

Testing should be performed under the supervision of a qualified person, defined as a 
person who has a good knowledge and understanding of current testing standards and any relevant 
technical guidance, such as GPG14*. The qualified person can be an employee of the employer 
using the instrument or of an instrument manufacturer, supplier or specialist test house. The 
employer does not have to appoint the qualified person formally in writing but it is important that 
both employer and qualified person understand their responsibilities. 
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The RPA should advise on the type, energy and intensity of the radiations which the 
instruments can be expected to encounter and this advice must be communicated to the qualified 
person. The qualified person should also ensure that their clients know exactly what sort of 
examination and calibrations that they have contracted for and also any relevant limitations. 


7 Examination and testing process 
7.1 Type tests 


Any equipment should normally have been subjected to a type test before it is first put 
into use. This is a demanding and thorough test of its radiation, environmental, electrical and 
mechanical characteristics which is performed on one or a small number of production standard 
instruments to make sure that they are functioning acceptably well when compared with the design 
specification and also to provide data for all subsequent tests. These tests are generally performed 
on behalf of or by the manufacturer using guidance from the IEC’. A useful summary is also 
available in IPEM Report 697. 


7.2 Tests before first use 


These tests are designed to confirm that the instrument in question has a similar 
performance to the type test instrument. These are described fully in GPG14” but fall broadly into 
four categories, as follows. 


(a) A check on the instrument’s linearity over its intended range of use — for an energy 


compensated GM detector this would comprise exposing the instrument in the calibration 
orientation to known ambient dose equivalent rates of '*’Cs or *’Co gamma radiation over 
the operating range which could reasonably be anticipated, given its intended use. 


(b) Overload performance — this is to confirm that the instrument’s performance at very high 


levels is correct. In many situations the range of dose rates, for example, which the 
instrument could reasonably encounter exceeds the maximum useful range of the instrument. 
This could happen if an interlock was to fail or a source fail to retract into its housing. It is 
important that thought is given to deciding the maximum dose rate which the instrument 
could encounter as an instrument failure in such circumstances could lead to high doses, 
direct injury or death. The RPA should advise the employer on this maximum value so that 
the information can be passed on to the qualified person. A sense of proportion is required 
and should take into account the relevant working practices. For example, in a gamma 
irradiation plant used for the sterilisation of medical products, it could be defined as the 
dose rate in a maze entrance just before a person can see that the sources are exposed. As a 
minimum, gamma dose rate instruments should be exposed to 10 mSv h”’. 


(c) Energy response — an instrument should be checked at, or below, the minimum energy of 


use for the appropriate radiation type. For example, for conventional energy compensated 
GM detectors, which have a lower useful x, gamma energy of 50 keV, a check using “'Am 
gamma radiation (60 keV) is appropriate as a manufacturing defect which leads to a poor 
response at 50 keV will be obvious when checked at 60 keV and there is no convenient 
source of 50 keV radiation. For many beta contamination monitors a check using a “C 
contamination plaque (Eyax = 0.16 MeV) is reasonable. 


(d) Uniformity of response — this falls into two broad groups. For dose rate monitoring 


equipment this generally comprises irradiation of the instrument at +90° to the calibration 
orientation in the horizontal plane. Often *'Am gamma radiation (60 keV) is used. For 
contamination monitoring the corresponding test is to measure the response of the monitor 
to a small area source at a range of positions over the nominal sensitive area of the probe. 
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Instrument selection 


Determine the radiation types, energies and intensities which the instrument will be 
expected to measure. 


Determine the quantity or quantities which the instrument will be expected to measure. For 
example, for the measurement of gamma dose rate the usual quantity is ambient dose 
equivalent rate. For surface contamination the desired endpoint is Bq cm~, but the normal 
instrument indication is in counts per second. 


Is there a possibility of any interfering radiations, such as high levels of gamma dose rate 
when the main aim is to measure alpha surface contamination? If so, these will have to be 
quantified so that instrument specifications can be checked to ensure that the instruments 
should work and also so that appropriate tests before use can be selected. 


Is the instrument to be used in a tough environment? Is it likely to be knocked and 
dropped? Does it need to be waterproof or at least well sealed? Are there any limitations 
such as use in an explosive atmosphere? What temperature range is expected? 


What will the end user expect from the instrument? What sort of weight will be 
acceptable? Will the instrument have to be carried up ladders? Does it require a light so 
the reading can be seen in poor light? Which geometry is best? Sometimes, for gamma 
dose rate monitoring, users prefer a display on the opposite face of the instrument to 
the detector. Then the instrument can be held at arm’s length and the display read 
conveniently. For more restricted areas a display on the top and a detector on the front 
face of the instrument allows the user to hold the instrument close to the body and look 
down on it. 


There is a very broad choice between analogue and digital displays, with users expressing 
strong preferences. Establish these, but also remember that digital displays are increasing 
in quality rapidly and many users previously committed to conventional analogue meters 
are now quite happy with liquid crystal digital displays. 


Is there a preference for battery type or types? Are certain types unacceptable? What 
minimum battery life is required? Remember that a longer battery life generally means a 
heavier, bulkier battery and a heavier, bulkier instrument. 


Some instruments offer data logging capability. Would this be an advantage for the 
application under consideration? Such a facility will generally add a small cost to the 
instrument but could add a large preparation cost, if bar codes or micro cans have to 
be placed around the site, and also a large cost for the software to make good use of 
the data. 


Are smart instruments a good idea, ie instruments where a ratemeter can be plugged into 
any of a series of probes without adjustment being required? Or would it make more sense 
to have permanent probe and ratemeter combinations, which generally allow a cheaper 
ratemeter? 


How clever should the instrument be? For a contamination monitor is there any advantage 
in having a set of calibration factors stored for a range of nuclides or would a simple 
counts per second display be less prone to misinterpretation? 
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10 Records 


Records of monitoring should be kept for at least two years. It is important that data for a 
particular monitoring point can be accessed quickly and easily. There is a variety of means which 
can be employed, depending on the number of monitoring points to be covered and the complexity 
of the situation. 

The aim should be to cover: 


Where 
e the location of the monitoring points, described clearly and unambiguously. 
When 
e when the monitoring took place. 
Who 
e who performed the measurements. 
With what 
e which piece of monitoring equipment was used and the date of test of the equipment. 
How 
e how that piece of equipment was employed — this could be a reference to a written 


procedure, for example. 


How much 


° the measured value of the dose rate or contamination level. 


It is important in many situations not to log the result as zero. For beta contamination 
surveys it is important that the surveyor’s best estimate of the count rate is recorded. This 
can then be compared with the relevant background value and with the appropriate 
limiting value. Similarly, for alpha surveys, <0.2 count per second is better than zero as is 
<X uSvh'' for dose rate surveys, where X depends on the instrument sensitivity. This 
approach will provide a convincing picture of radiation levels in a particular area to the 
RPA, the employer and any inspecting agency. 


In simple situations data can be stored on paper very conveniently. There are two main 
approaches. One is to record the results from one point on a particular page, the other is to have a 
page for each phase of monitoring. The first method is useful in identifying trends while the second 
can be filled in more easily as monitoring takes place. A variation on the first approach would be to 
graph the results. Using the date as one axis will give a very clear indication of any trend with time. 

For more complicated situations a computer database is ideal. It is perfectly practicable to 
transcribe monitoring results from a hand written sheet into the database but this can be a time 
consuming, boring process and errors can result. Instruments which log value and position are 
increasingly available and these have the advantage that the data can be directly downloaded. They 
also have the advantage of credibility, in that the presence of a value in the database makes it very 
likely that the measurement was actually made, whereas hand entered data can be made up or 
copied from previous results. 

As in all computer data management it is essential that data are backed up in some way, 
either electronically or, if derived from hand written sheets, by storing the original sheets. 


11 Training for users 


Users should be trained to use instruments effectively to generate good quality monitoring 
data efficiently and safely. Staff maintaining and testing equipment should be trained to discharge 
their duties efficiently and safely. 
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Users should be given an understanding of: 


Why 
An explanation of why radiation is seen as a hazard. 
The legal obligations of the employer and employees. 


What 
The characteristics of the radiation types which are likely to be encountered. 


With what 
A description of the types of monitoring equipment provided, which type to use for which 
monitoring situation and the limitations of each type. 


Checking 

Does it have a valid test certificate? 

Does it look as if it is in working order? Is there, for example, obvious damage to cable or 
connectors? 

Is the battery good enough to last out the work period? For conventional instruments the 
needle should be well within the acceptable battery condition range and not visibly 
moving. 

Is the background count rate believable? If it is a scintillation monitor does it respond 
when held close to a fluorescent or other bright light? A change in count rate, up or down, 
shows the presence of a light leak. Does the count rate change when the cable between 
probe and ratemeter is flexed? 

Use of check sources — if these are available, and they can be extremely useful, how 
should they be employed? 

What to do if the instrument appears faulty. A user should know who to refer to, where to 
put the instrument and how it should be labelled. There should be no excuse for someone 
putting the instrument back on the shelf and taking the one next to it. 


Where 
Where each monitoring point or area is and how to identify it. 


When 

The frequency that monitoring should take place. This could be task based, eg after a filter 
change or flask movement, or time based, once a day, week, month or quarter. 

How 

The process of making the measurement. This should cover: 


(a)LIthe reference direction, ie the direction of radiation incidence for which the manufacturer 


designed the instrument, 


(b) how to turn on the instrument including battery checking and range selection, 


(c)Uuse of any audio output (clicker or alarm) — the audio output gives an instant 


indication of the count rate rather than the damped or average value indicated on the 
display, 


(d)_for contamination monitoring, the correct distance between probe and surface and how 


to maintain it safely, 


(e) how to take the measurement, in the sense of a length of time to wait and how long to 


average the indication for — this should also cover the interpretation of logarithmic scales, 


(f) where and how to record the data, 


(g)Lhow to respond to any unusual values, 


Excessively high results point to shielding failure, hot particles or excessive 
contamination. It is important that such results are reported quickly to someone who can 
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deal with them. Low values could also indicate a missing source, which should also be 
reported quickly, or a possible instrument failure. For very high levels it is important that 
the individual moves away quickly and does not assume it is an instrument problem. 


(h)Lthe environment causing instrument problems, 

High electromagnetic, electrostatic and magnetic fields can cause high count rates or 
fail to danger. Very bright lights can cause spurious count rates. Taking cold instruments 
into warm, damp environments can cause condensation, giving spurious high dose rates on 
ionisation chamber instruments. 


(i)U failure modes for the instrument, 

For scintillation based contamination monitors this could cover light leaks. Probe and 
ratemeter combinations often suffer from cable damage. Touching the windows of thin end 
window GM detectors with anything sharp generally results in implosion. Regular battery 
checks are essential. 


(j)“ maintenance by the user — this could include zero setting, battery changing, cleaning 
and checking. 


How not to 


e Things not to do. The classic temptation is to swing probes by the cable. Unfortunately the 
standard UK Pet-Pet cable is not up to this. Other common faults include putting thin 
window detectors down on sharp things, such as nail ends and swarf, letting instruments 
become damp and not drying them and throwing instruments into the backs of cars, not in 
a proper box. 


Personal safety 


e The person performing the monitoring should be safe. Generally training should cover 


conventional safety and radiological safety. Particular emphasis should be given to dose 
avoidance, particularly in high dose rate plants. This would include the classic time, 
distance and shielding, with particular emphasis on instrument choice and use. For 
example, a telescopic monitor can be useful in some circumstances. Very clear limits on 
permissible dose rates should be established to avoid over-enthusiastic staff investigating 
high dose rate areas. Avoidance of personal contamination is a priority. 


This list may seem intimidating but the training should fit the circumstances. If an 
individual has to deal with one relatively low activity beta thickness gauge source using one 
instrument then the training programme would be very short. Training for plants reprocessing 
irradiated fuel, however, would have to be much more comprehensive. 


12 ~~‘ Training for maintenance staff 


The maintenance of radiation monitoring equipment is essential for good quality results. 
Section 5 covered typical maintenance procedures. Manufacturers’ manuals are the first source to 
be consulted. These will usually provide all the information necessary for routine maintenance and, 
sometimes, for simple repairs and adjustments. 

Staff undertaking maintenance should be capable of making repairs and adjustments up to 
a specified level. Many users will only undertake routine maintenance and will send any instrument 
requiring repair or adjustment to a repair house or back to the manufacturer. A normal level of 
manual dexterity will be all that is required. Other users, with more instruments, may wish to 
perform repairs themselves, in order to avoid the inevitable delays caused by sending instruments 
away. In this case a much higher level of knowledge will be required. Typical qualifications include 
City and Guilds, ONC, HNC or higher qualifications in electronics. 
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Differences from many forms of electronic maintenance include: 


(a) the presence of high voltages, up to 2.5 kV, on proportional counters, scintillation detectors 
and some neutron dose rate monitors, 

(b)U the need to use radiation sources for setting up and testing, 

(c) the need for a very high level of cleanliness when working with ionisation chambers, 

(d) the importance of not making modifications to detectors or their mountings. 


Using conductive silver based paint instead of graphite inside an ionisation chamber will 
raise the instrument’s low x-ray energy response. 

Holding a GM detector in with a spring steel clip instead of a nylon tie will reduce the low 
energy photon response. Extending the length of cable between probe and ratemeter can change the 
low energy threshold of scintillation and proportional counters. This is unlike most radiofrequency 
work where extending a cable with appropriate connectors and cable produces little effect. 

Using the wrong thickness or material for ion chamber windows can change the beta 
response, particularly, dramatically. 

The windows on end window GM detectors are particularly vulnerable. Particular care is 
required when changing detectors. 

It is important that instruments from contamination areas are looked at suspiciously. 
Accessible areas of an instrument can be completely clean but areas which are accessible only 
during maintenance can become contaminated. 

In GM based equipment which operates up to very high dead times, care is vital when 
changing detectors. Using different anode clips, anode resistors or anode resistor lead lengths can 
change the response to high dose rates drastically. 

Fitting new windows to scintillation detectors requires care to ensure that there are no 
light leaks. 

Rewiring proportional counter detectors is demanding as the wire is only 25 to 50 um 
in diameter. 

The list above is not exhaustive but it covers the more unusual aspects of repair. Hence 
staff tend to require both a general knowledge of equipment maintenance and a particular 
knowledge of radiation monitoring equipment. 
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A1 


APPENDIX A 


Exposure Situations and the Equipment and Techniques for 


Monitoring Radiation Levels 


Industrial radiography using energetic gamma emitters 


For normal industrial radiography of welds in steel pipes and ferrous forgings and castings 


the most common nuclide is '!”Ir. There are others but all emit gamma radiation with energies of a 
g g 


few hundred keV up to 1.25 MeV. The main emissions from '”’Ir are given below. 


Gamma emissions E (keV) Fraction (%) 


The shielding produced by the casting under examination, any exposure collimator and 


any additional shielding will tend to harden the radiation, removing the lower energy components 


preferentially. 


Multiple scatter from the walls of a shielded enclosure out through a maze entrance will 


tend to soften the beam, ie reduce its energy. However, a significant component below 60 keV 


is unlikely. 


(€) 


Suitable instruments 
Conventional energy compensated GM detector. 


Thin window energy compensated GM detectors. 
Ionisation chambers. 
Scintillation based dose rate monitors. 


Generally the best 
Conventional energy compensated GM detectors. 


Survey procedure 

Confirm the instrument has a valid test certificate. 

Perform a function check on the instrument, confirming that the battery condition is 
adequate and is showing no signs of fading, that the background count rate seems 
believable and that the instrument seems generally in good order. 

Ifa check source is available, confirm that the instrument is giving the correct reading. 

For enclosure radiography, where the source is in a shielded room, monitor areas of 
potential weakness where shielding may have become damaged or may have been 
removed. The edges of doors and any penetrations through the shielding should be 
checked carefully. Note that where the roof of the enclosure is relatively thin then the 
maximum dose rate may be away from the walls of the enclosure. This can be the case 
where there is a crane rail running above a removable roof, which can generate scatter. 

For open shop radiography confirm that dose rates at and outside the barriers are acceptable. 
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(Ho Use any audio output. This gives an instant indication of dose rate, rather than the damped 
one provided by the display. If the click rate increases, pause for a few seconds to allow 
the instrument reading to stabilise. 


(g) Take an eye average of the indication. Do not record the peaks. Particularly at low count 


rates the indication can fluctuate by tens of per cent. 


(h) Remember that an instrument indication can take up to ten seconds to stabilise. Have 


patience. The more sensitive the instrument, the lower the level of fluctuation and the less 
time that the operator has to wait to allow the indication to stabilise. 


A2 Industrial radiography using very high energy x-rays (>1 MeV) 


Generally the radiation source is a betatron, which produces a very high energy pulsed 
electron beam which is directed on to a target, generating x-radiation. The advantage of these units 
is that they can generate a very high energy beam without using a high energy, high activity source 
such as Co. The two important aspects of this type of source are the very high energy, typically 
about 6 MeV, and the pulsed nature, typically a 200 Hz beam with each pulse being a few 
microseconds long. 


Suitable instruments 


e Conventional energy compensated GM detectors. 
e Thin window energy compensated GM detectors. 
e Ionisation chambers. 
e Scintillation based dose rate monitors. 

Generally the best 


Probably ionisation chamber instruments. 


GM detectors have a count rate limitation when used with pulsed sources. For pulsed 
sources producing narrow (up to tens of microsecond) pulses it is important that the count rate from 
the detector does not exceed 30% of the pulse repetition frequency, otherwise the instrument will 
under-read. Hence it is essential to know the sensitivity of the instrument [in counts s'/(uSv h')] 
and to identify a maximum trustworthy count rate. This leads to the unfortunate circumstances that 
the higher the sensitivity, the lower the maximum useful indication. 

GM detectors will give a completely false reading at high dose rates, for example close to 
the target in the main beam. At the ultimate the detector will record one pulse per radiation pulse. 
For a 400 Hz machine this means a maximum count rate of 400 s”. If a relatively high sensitivity 
detector is used, for example one giving 5 s'/(Sv h’'), then that gives an ultimate indication, at no 
matter how intense a dose rate, of 80 uSv h''. 

However, GM based instruments are satisfactory provided the detector sensitivity has 
been well chosen and provided the maximum believable dose rate has been calculated and the 
user informed. 


Survey procedure 
See Section Al. 


A3 Industrial radiography using relatively low voltages, and baggage and 
security x-ray machines 


Typically this involves using x-ray sets operating with maximum potentials in the range 
50 to 400 kV. The lower potentials are used for quality control of materials such as aluminium, 
whereas the higher potentials are used for radiographing thin steel fabrications, such as piping. 
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The radiation characteristics for these sets differ greatly from gamma radiation. Gamma 
radiation occurs at discreet energies. X-radiation at the output from the x-ray tube has a spectrum 
which rises from zero at very low energies, peaks in intensity at an energy equivalent to about 30% 
of the applied kV and then falls to zero at an energy in keV equal to the tube potential in kV. 

Hence there is almost always the possibility of a significant low energy component at the 
output from the x-ray tube. Any form of intact shielding by concrete, lead or steel will preferentially 
attenuate the low energy end of the spectrum, reducing the dose rate but, at the same time, 
increasing its average energy. A few mm of steel or lead or a few cm of concrete will remove any 
component below 50 keV. However, scatter round a door or from a maze will reduce the average 
energy. Open shop radiography can obviously present the full spectrum at a barrier, particularly if 
the beam size is larger than the object to be examined. 


Suitable instruments 


ed Conventional energy compensated GM detectors. 
e Thin window energy compensated GM detectors. 
e Ionisation chambers. 
e Scintillation based dose rate monitors. 
Generally the best 
e Thin window energy compensated GM detectors. Conventional energy compensated GM 


detectors can be used for the higher kV sets or where shielding has hardened the beam. 


Monitoring procedure 

For industrial x-radiography equipment follow the suggestions in Section Al. 

For baggage x-ray equipment, the highest dose rates occur when a large volume, low 
atomic number object is passing through the beam. Normally, then, a large polyethylene container 
filled with water is used as the scattering object and monitoring performed while it is in the beam. 
The highest dose rates are generally encountered when the vertical fan shaped beam is just buried 
within the nearer edge of the scattering object. 


A4 Flash x-ray sets 


Battery powered x-ray sets are popular for security applications such as the radiography 
of suspect packages. They have very unusual characteristics in that they produce a short but 
intense pulse of x-radiation at a relatively low potential. The maximum exposure time is typically 
three seconds. Monitoring of these using conventional ratemeter based equipment is not possible. 
The only satisfactory method is to use an ionisation chamber instrument with a sensitive dose range. 
The monitor is placed, the indication zeroed and the x-ray unit triggered. The new indication is then 
recorded. Dose rates over an hour can be calculated by multiplying the recorded dose by the 
number of exposures per hour. 


A5 Industrial sterilisation units 


High dose rate x or gamma radiation is frequently used for the sterilisation of medical 
supplies and similar applications. The dose rates involved are extremely high, in excess of 
100 kGy h''. Instruments are used in two modes in such plants. One is to confirm that the dose rates 
on the outside are acceptable, normally less than 7.5 uSv hh’. Instruments used only for such 
functions are unlikely to encounter extremely high dose rates. Section Al on industrial radiography 
using energetic gamma emitters should be consulted for appropriate types. The other application is 
much more demanding. These are instruments which are to be carried by personnel when entering 
the irradiation plant. In the vast majority of cases the various controls and interlocks which are 
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designed to ensure that the sources or x-radiation sources are safe will be working correctly. 
However, there is always an extremely small possibility that there may some form of failure which 
leaves the source at least partially exposed while allowing access. 

It is important that instruments used during entry should behave correctly if they encounter 
a very high dose rate. This will normally mean going straight to their overload indication. The 
instruments used for this purpose should have their performance confirmed at the maximum 
credible dose rate which they could reasonably encounter. This is not the maximum accessible rate 
if a failure takes place but more the maximum rate which a user could encounter in the entry maze 
just before he or she can see that the source is exposed or some other failure has taken place. 
Typically the dose rate will be of the order of 100 Sv h'. 


Suitable instruments 

The instrument is used purely as an indicator, not to measure the dose rate. The radiations 
are also extremely penetrating. For virtually all applications a relatively insensitive conventional 
energy compensated GM detector instrument will be the most reliable and quickest to react. The 
instrument should have a logarithmic scale. Range switching or detector autochanging is not 
acceptable as both may slow down the identification of the presence of very high dose rates. 

Testing should confirm that the instrument goes rapidly to overload at the maximum 
credible dose rate that it could encounter and that it remains off-scale and does not fail to danger. 
The majority of GM detectors which operate at 400 to 600 V will operate correctly, whereas many 
which operate at 900 V will fail to danger. 


A6 Transport of large gamma emitting sources in shielded containers 


Road, rail, ship and air transport large numbers of high activity gamma sources. These 
sources are generally extremely well shielded. However, on occasion package design has been 
found to be defective. Monitoring such packages has close parallels with the monitoring performed 
during industrial radiography using energetic gamma emitters, and generally a conventional energy 
compensated GM detector of the appropriate sensitivity will be appropriate. If anything, compact 
size and a high degree of robustness are even more important as monitoring may involve climbing 
on to vehicles. 


A7 Level gauging using gamma emitting sources 


These are very popular in industry for the measurement of the level in hoppers, the height 
of molten steel in a mould and similar applications. The majority of sources used are '*’Cs. The 
source is in a collimated housing on the one side of the volume to be measured with a detector on 
the other. Section Al on industrial radiography using energetic gamma emitters gives advice on 
monitoring instruments and techniques. 


A8 Finding lost gamma sources 


Occasionally gamma sources are lost or stolen and it becomes necessary to search for 
them. In such cases the main requirement is a very high sensitivity. Other dosimetric properties 
such as a good energy response are generally irrelevant. The best instrument for confirming that a 
source may be present and identifying its general position is a large sodium iodide scintillation 
detector. Such detectors have a very high sensitivity. For example, a 51 mm diameter, 51 mm deep 
detector has a sensitivity of approximately 1500 s'/(uSvh'') for '"’Cs gamma radiation and a 
normal background count rate of 50 to 200 s"'. It is easy, using such equipment, to detect sources 
which produce an increase in count rate of 50% over background, provided the background is 
reasonably stable. For areas where it is variable, such as in a built up site where building materials 
will have an influence, then the ability to detect sources will be reduced. 
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A10 Monitoring of x, gamma dose rates from radiopharmaceuticals 


Large numbers of packages are transported containing radiopharmaceuticals. Some are 
x, gamma emitters, some of which, such as |”, generate low energy but still reasonably penetrating 
x-radiation, 1e 27 to 35 keV. Many are beta emitters. The beta radiation is always completely 
attenuated but the associated Bremsstrahlung may be relatively penetrating. As a consequence any 
radiation dose rate monitor must cover a wide x, gamma energy range. This rules out conventional 
energy compensated GM detectors for general application as these do not respond correctly to 
radiation energies less than approximately 50 keV. 


Suitable instruments 


e Thin window energy compensated GM detectors. 
e Ionisation chambers. 
e Scintillation based dose rate monitors. 


Generally the best 
e Thin window energy compensated GM detectors. 


A11 Thickness gauging equipment using low energy x-ray tubes or low energy 
xX, gamma sources 


Thickness gauging of plastics, paper and cardboard is sometimes performed using low 
energy photon sources, such as x-ray tubes or nuclides such as ~Fe, which emits 5.9 keV 
x-radiation. The gauge is generally well shielded but inevitably there is a slot where the material to 
be gauged passes into and out of the unit. 

The monitoring problem is similar to that involved in the measurement of adventitious 
x-radiation and can be tackled in a similar way, ie detecting first and, if an apparently significant 
radiation field is encountered, measurement later. 


Instruments for searching 

There are two suitable types of detector, thin sodium iodide detectors and thin end window 
GM detectors. The sensitivity and low energy response must be adequate for the limiting dose rate 
and the expected spectrum. 


Instruments for the estimation of dose rate 

The same instruments can be used provided the radiation mean energy is known and credible 
type test data are available. If the source is *’Fe then response data are likely to be available for both 
instrument types. These can be used to convert the indication from counts per second to pSvh', 
directional dose equivalent. If the source is a low energy x-ray tube then the process is more 
complicated. The easiest approach is to determine the half-value layer using thin aluminium or plastic 
absorbers. The half-value thicknesses are tabulated below, derived from Hubbell and Seltzer’. 

The effective energy of the beam can be interpolated from the values tabulated below. In 
combination with type test data this value can be used to estimate the response to the leakage 
radiation which is being monitored. 


Half-value layer (mm) 
Energy (keV) Aluminium PMMA (Perspex) 
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Other types of instrument are rarely suitable. The energy compensated GM types do not 
operate well at very low energies, the ion chamber instruments tend to have a very large averaging 
area and to be too bulky and the plastic scintillator types do not work well at very low energies. 


A12 ~~ Crystallography x-ray equipment 

Crystallography x-ray equipment generally employs a copper or molybdenum target 
x-ray tube, operated at relatively low tube potentials, up to about 50 kV. The useful parts of the 
X-ray spectrum generated are the characteristic x-rays, at approximately 8 keV for a copper target 
and 17 keV for a molybdenum target. Normally, leakage from x-ray equipment is dominated by the 
high energy end of the possible spectrum. However, for this type of equipment, and particularly for 
copper, radiation leaking through shielding defects is dominated by the characteristic radiation. 

In many ways the monitoring problem is similar to that involved in the measurement of 
adventitious x-radiation and can be tackled in a similar way, ie detecting first and, if an apparently 
significant radiation field is encountered, measurement later. 


Instruments for searching 

There are two suitable types of detector, sodium iodide detectors and thin end window GM 
detectors. The sensitivity must be satisfactory for use at the two energies of interest, 8 keV and 
17 keV. 


Instruments for the estimation of dose rate 

The same instruments can be used for the estimation of dose rate, provided their 
sensitivities are known. There is an additional type of instrument which uses a relatively high 
pressure GM detector provided with an energy compensation filter which has the advantage 
that it is calibrated directly in dosimetric units. The disadvantage with this type of unit is that its 
response is highly directional and its angle should be adjusted to maximise the indication and that 
value recorded. 

It should be noted that this type of equipment produces a very intense x-ray beam. It is 
important that the main beam is properly shielded and that the person performing the monitoring 
has no access to the main beam. 


A13 Environmental gamma dose rates 


Frequently there is a requirement to monitor very low x, gamma dose rates at site 
boundaries, normally to assess public exposure. 

Dose rates of interest normally cover from normal background levels (0.03 wGy h"! air 
kerma) to 1 or 2 uGyh''. Suitable instrumentation has been discussed in detail in Technical 
Guidance Note (Monitoring) MS’, but the requirements are summarised here. 


These are: 
(a) an adequate sensitivity, 
(b) an acceptable energy response over the range 60 keV to 7 MeV, 
(c) a reasonably low inherent signal, ie the signal produced by radioactivity incorporated in 


the instrument. 


Suitable instruments 


e Large energy compensated GM detector connector to a scaler-timer. 

e Large energy compensated proportional counter detector connected to a scaler-timer. 
e High pressure ionisation chamber instruments. 

e Large volume plastic scintillator instruments. 
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Generally the best 
e The energy compensated GM detector type. For greater sensitivity but still at a low cost 


three detectors can be connected in parallel to a single scaler-timer. 


A14 _ __— Beta thickness gauges 


Beta radiation sources are commonly found in paper and board manufacture and in the 
processing of printed circuit boards. The source is selected according to the material to be measured 
and its thickness. Beta sources with maximum energies between 4c (0.167 MeV) and ASE PTY, 
(2.2 MeV) can be encountered. Beta radiation is relatively easy to shield but the associated 
Bremsstrahlung is more penetrating. Bremsstrahlung is the x-radiation generated by beta particles 
slowing down. Its maximum energy is that of the maximum energy of the beta source. However, 
in common with x-ray generation, the mean energy of an x-ray is about 30% of the energy of 
the electron causing it. In addition, beta radiation has an energy distribution between zero and the 
maximum energy for the nuclide in question, with the average at about 30% of the maximum. The 
beta radiation also loses energy as it passes into a material. These factors combine to ensure that 
the Bremsstrahlung spectrum has a much lower energy than would be expected from the maximum 
energy generated by the nuclide. 

If the Bremsstrahlung has to penetrate relatively high atomic number shielding then the 
lower energy components will be preferentially attenuated producing a less intense spectrum with a 
higher mean energy. 

The radiation spectrum emerging from these machines is thus rather complicated. From 
the relatively unshielded areas, for example slots where the material to be measured enters and 
leaves the machine, there will be a mixture of beta radiation which has been scattered, and thus had 
its energy reduced, and Bremsstrahlung. For the shielded areas the only radiations present will be 
the relatively penetrating component of the Bremsstrahlung. 


Suitable instruments 


° Thin end window GM detector. 
e Ionisation chamber. 
Generally the best 
° Thin end window GM detector, despite the uncertainty caused by energy response 


variations. An appropriate response factor is generally that for '*’Cs gamma dose rate. This 
will normally lead to an overestimate of the Bremsstrahlung component and a slight 


underestimate of any beta component. 


A15 Neutron dose equivalent monitoring 


Neutron dose equivalent rates are encountered in a variety of circumstances. Some of these 
are unique to the nuclear industry, such as neutron dose rates from nuclear reactors, irradiated fuel 
and the storage of plutonium. 

Outside the nuclear industry neutron sources, often 41 Am + "Be, are used in borehole 
logging, soil moisture content measurement and tarmac quality assessment. Adventitious neutron 
dose rates are encountered in high energy accelerators, which are designed to produce x-rays for 
therapy or industrial radiography, but which, at accelerating potentials above approximately 6 MV, 
can also produce neutrons. 

An important difference between high energy neutrons and x, gamma radiation is the very 
high dose equivalent per neutron striking the body. This is partly because the energy generated per 
neutron incident on the body is higher because of the high probability of interaction and the energy 
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released in some of the capture reactions. The other reason is the high radiation weighting factor. 
From the point of view of monitoring this difference is a disadvantage. It means that far fewer 
neutrons strike unit area of an instrument per unit dose equivalent. Hence, to generate a useful count 
rate at normal occupational dose rates an instrument has to be relatively large and the detection 
efficiency has to be much larger, when compared to most x, gamma detectors. 

Unfortunately, the response of the majority of instruments is still very low, typically 
0.3s'/uSvh''), about 20% of the response of the industry standard energy compensated GM 
detector for x, gamma radiation. 


Suitable instrument types 

There is a variety of instrument types available, but the vast majority of radiation 
protection measurements are performed using some form of thermal (ie very low) energy detector 
surrounded by a large mass of polyethylene, the moderator. This mass thermalises high energy 
neutrons by forcing them to undergo multiple collisions until their energy is reduced to the 
energy that would be predicted by the ambient temperature. The thermal neutron detector can be a 
BF; proportional counter, a “He proportional counter or a lithium iodide scintillator doped with 
europium, within the moderator, which is a cylinder or sphere of polyethylene. Within the 
moderator there is often a layer of neutron absorbing material, such as boron loaded plastic, which 
is used to improve the energy response. 

The energy response of neutron monitors is much poorer than for x, gamma monitors. 
Examples are shown in Figure Al for some common instruments. The extreme over-response at 
intermediate energies when compared to the high energy (=| MeV) and thermal (0.025 eV) 
responses should be noted. The problem is obviously more difficult than for x, gamma radiation 
because of the much wider energy range, 0.025 eV to 10 MeV, a range of 4 10°, compared to the 
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FIGURE A1 Energy response for some commom instruments 
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5 keV to 3 MeV range usually considered important for x, gamma monitoring, a range of 600. The 
over-response is also generally unimportant in practical monitoring because the majority of 
practical spectra are composed of a high energy component and a thermal component, with little in 
between. There are, as always, exceptions. 

The detector is connected to a ratemeter or scaler-timer. This contains a discriminator 
which rejects the small pulses produced by x and gamma radiation and only accepts the much larger 
pulses produced by neutron interactions. In essence, the ratemeter is very similar to those found in 
proportional counter based contamination monitors. The major problem is how to deal with the 
relatively low count rate expected at normal operational levels approximately 0.3 s'/(uSv h'). At 
7.5 uSv h' this corresponds to only 2.3 pulses per second. The count rate from the industry 
standard ZP1202 GM detector at the same dose equivalent rate from gamma radiation is 12 pulses 
per second. There are two approaches to this. One is to use a very long time constant ratemeter, 
which averages over a long period to give a reasonably constant indication. The disadvantage of 
this is that the user has to wait at least three time constants after moving position before recording 
the indication. The other solution is to use some variation of the cycling scaler, where the instrument 
counts for a fixed time and then displays the answer. The time can be selected to provide a suitable 
statistical precision. For example, for an instrument with a nominal sensitivity of 0.3 s'/((uSv h''), a 
counting time of 33 seconds at a dose equivalent rate of 7.5 uSv h' will give an average close to 
75 counts. This can be displayed as 7.5 to give a direct indication of dose equivalent rate. 


Suitable instruments 


e Spherical 210 mm diameter moderator, BF; proportional counter. 

e Spherical 210 mm diameter moderator, *He counter. 

° Spherical 210 mm diameter moderator, Lil(Eu) scintillator. 

e Cylindrical moderator (=215 mm diameter, =250 mm long) moderator, BF; proportional 
counter. 
Generally the best 

e Where portability dominates, generally the 210 mm diameter moderator BF; detector type, 


provided the radiation spectrum is not thought to contain a large component above | MeV. 


e Where the spectrum is complicated, the large cylindrical moderator BF; detector type. 


Survey procedure 

This follows the same general procedure as in the monitoring of x, gamma radiation. The 
main differences are the weight of any of these instruments and the low sensitivity. At low dose 
equivalent rates, <20 uSv h”', a stool or tripod can be useful to support the instrument. At lower 
dose equivalent rates, the instrument has to have either a very long response time or some form 
of scaler-timer. 


A16 ~= Alpha contamination 


Alpha emitting nuclides tend to have relatively high radiotoxicities. The alpha emissions 
also have a very short range. The first characteristic means that acceptable maximum surface 
activity levels are very low, with many organisations working to a maximum level of 0.4 Bq cm™. 
The second characteristic means that any coating of paint, grease or polish over the contaminated 
surface will attenuate the alpha radiation considerably and also demands that monitoring is carried 
out very close to the surface, normally with the probe about 3 mm from the surface. The energy 
range of alpha disintegrations is relatively narrow, covering 4 to 8 MeV. This should be contrasted 
with beta radiation, which covers a range from 18 keV maximum energy to in excess of 3 MeV and 
with photon radiation, which covers the range 5 keV to tens of MeV. This limited energy range 
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means that all alpha emitters tend to be treated as the same, which is regrettable as the range of a 
*8U, alpha particle is less than half that of the more energetic particles. 

Direct monitoring is only possible where the alpha activity is directly on the surface. 
Material such as stainless steel, melamine faced boards and intact paint are normally satisfactory. 


Surfaces such as plaster, concrete, soil and wood are not. 


Suitable instruments 


e Zinc sulphide scintillation detectors. 

e Dual phosphor probes, comprising a layer of zinc sulphide on a thin plastic scintillator 
plate. 

e Solid state alpha detectors. 

e Gas refillable proportional counters. 
Generally the best 

e There is no clear choice. The instrument characteristics should be considered in the light of 


the monitoring circumstances. 


Survey procedure 

Alpha particles have an extremely short range, with a maximum in air of a few cm, even 
for a perfect source, ie one with an extremely thin layer of alpha emitting activity on the surface, 
not covered by even the thinnest layer of oil, grease or dirt. Practical monitoring distances have to 
be less than this, because the particle has to have sufficient energy to penetrate the detector window 
and also to generate a countable pulse. In practice, the count rate from an alpha source will drop off 
significantly with increased separation between the source and detector and will normally fall to 
zero by approximately 15 mm. As a consequence, monitoring is normally carried out with a probe 
to source spacing of about 3 mm, close enough to allow efficient detection from a clean source and 
far enough away to avoid contamination of the detector. Even then, the slightest covering of the 
source will make the alpha contamination undetectable. As an example, one coat of gloss paint will 
completely shield an alpha source, as will a barely perceptible film of grease or oil. Even a very thin 
coat of furniture polish will have a considerable effect. 

The other significant problem is the generally low maximum level of acceptable surface 
alpha contamination, typically 0.4 Bq cm~ or less. This low level means that any alpha detected has 
to be treated as significant. The surveyor must pause at the point where the event was detected and 
confirm that the average count rate is within the acceptable level. The one positive characteristic of 
alpha detectors is the very low background count rate, typically less than 0.1 s"' for a 150 cm? 
detector. This means that two counts in adjacent seconds are likely not to be background and are 
probably due to contamination. A further problem is that even quite trivial levels of contamination 
on the probe will cause an unacceptably high background. 

To summarise, the problems are as follows. 


(a) Alpha particles can only be detected with the probe very close to the surface under 
examination. 
(b) Even the slightest covering of grease, oil or paint over the contamination will attenuate the 


alpha particles to the point of making them undetectable. 


(c) The process relies upon the normally very low background count rate from an alpha 


detector. Any contamination on the probe will be unacceptable in most circumstances. 


Guiding a probe 3 mm above a surface demands a steady hand. When the area in question 
is likely to be clean then it is permissible to support the back of the detector using a finger tip 
rubbing gently on the surface. The surveyor should wear gloves and the detector must pass over the 
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surface before the finger. Hence the finger should be rubbing on a surface which has been already 
monitored. The finger should be checked regularly for contamination. 

The rate of movement should normally be a few cms”, if the surveyor wishes to identify 
areas of approximately 100 cm* contaminated at a level of 0.4 Bq cm” or less. Alternatively, if an 


averaging area of 1000cm” is being employed then movement can be faster. At this larger 


averaging area, a 10 cm (115 cm detector, a typical size, can be moved quite fast, at up to 30 cms". 


There are two basic forms of alpha monitor generally produced. These are the probe and 
ratemeter combination and the single-handed unit. 

The probe and ratemeter type has the advantage that the probe is much lighter than the 
single-handed unit. This makes it easier to use over a long day. A separate probe also simplifies 
monitoring of difficult access areas, although the advantage is less than with other forms of 
monitoring because of the need to keep the probe close to the surface. 

The single-handed form has the advantage that the user will have the ratemeter indication 
in view as he or she moves the detector window over the surface. 

Monitoring should be performed mainly using the audio output. The instrument indication 
is generally only important when recording the maximum count rate from a relatively active area. 
For noisy areas a lightweight ratemeter is useful as the loudspeaker can be held close to an ear. 
Alternatively an earpiece can be used. Much alpha monitoring is performed using dual function 
detectors. It is important that alpha counts make a very different noise from a beta channel count, as 
a user will wish to distinguish the probably rare alpha event from the several counts per second 
produced by the beta channel, generated by the gamma background. 


A17 Beta contamination monitoring for nuclides with a maximum energy equal to 
or greater than 0.16 MeV 


Beta emitting nuclides in the form of liquid sources are used in large quantities in nuclear 
medicine and research. They will also be encountered in nuclear power stations as a consequence of 
activation of the core and in any work with nuclear fuel, either pre- or post-irradiation. Monitoring 
of people, surfaces and equipment for beta contamination is thus very common. Beta radiation 
differs from alpha radiation in two ways. One is the very wide spread of maximum energies of 
common nuclides, from *H at 18 keV to ’P and ”’Y at over 2.2 MeV. The other is that beta emitting 
nuclides do not emit discrete energies. Each decay has a range of possible energy from essentially 
zero up to a defined maximum value. Generally the average energy is about 30% of the maximum 
for the decay. Another aspect which is different from alpha monitoring is that any detector will have a 
background count rate caused by gamma background and cosmic ray interactions. A typical value is 
one per second for every 20 or 30 cm’ of detector. The surveyor thus does not have the luxury of 
considering any event detected as significant. To set against this, however, is the generally lower 
radiotoxicity of beta emitters compared to alpha emitters, which leads to generally higher maximum 
acceptable levels which, in turn, leads to generally higher limiting count rates. 

The low energy cut-off suggested (0.16 MeV) is because below that energy the range of the 
average beta particle is insufficient to cross a typical 3 mm air gap and penetrate a detector window. 
Monitoring for lower energies generally uses wiping followed by liquid scintillation counting. 


Suitable instruments 


e Thin end window GM detectors. 

e Thin glass or metal walled GM detectors. 

e Gas refillable proportional counters. 

e Thin window xenon filled sealed proportional counters. 
° Thin windowed scintillation detectors. 
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Generally the best 


e There is no clear choice. The instrument characteristics should be considered in the light of 


the monitoring circumstances. The most important parameter is the maximum energy of 
the beta emitter.The instrument has to have a useful response at that energy. The most 
restricted type is the thin glass or metal walled GM which can only be used for energies in 
excess of 0.5 MeV. 


Survey procedure 

For soft beta emitters the probe should be held about 3 mm from the surface, which is 
difficult to achieve for any length of time. When the area in question is likely to be uncontaminated 
or only very lightly contaminated then it is permissible to support the back of the detector using a 
fingertip resting gently on the surface. The surveyor should wear gloves and the detector must pass 
over the surface before the finger. This will identify any significantly contaminated areas before the 
finger touches them. The finger should be checked regularly for contamination. 

For energetic beta emitters, such as *’P or Sr + *’Y, a gap of 10 mm will not seriously 
attenuate the radiation. Hence the probe need not be held so close to the surface. Moving the probe 
away from the surface effectively increases the averaging area. For point contamination the count 
rate will drop off with increasing distance because of the consequences of the inverse square law. 
For contamination which is relatively uniform over a wide area no obvious drop off will be observed. 

In contrast to alpha monitors, most large area beta probes will have a significant back- 
ground count rate. At normal environmental levels this is about 1 s' for every 20 cm’ of probe area. 

When exposed to high energy gamma radiation the response is typically 5 s'/(uSv h') for 
every 20cm’ of probe area. This sensitivity inevitably limits the ability of the probe to detect 
contamination when monitoring is taking place in significant gamma radiation fields, by producing 
a general increase in background count rate. The most obvious example of this is the monitoring 
of transport packages which contain energetic beta emitters. This beta radiation is likely to be 
completely shielded. However, Bremsstrahlung x-rays will be produced which can give rise to a 
measurable dose rate on the outside of the package. For a typical package containing *’P the surface 
dose rate can reach a few uSv h'. This will produce a count rate on a 50 mm diameter pancake GM 
detector of about 25 s”'. This count rate will also vary as the detector is moved over the surface of 
the box because the source to detector distance will change, even if only one source is present. As 
many of these packages contain more than one source then the count rate from the x-rays alone will 
vary in a complicated way over the bottom of the box. This high and varying count rate will mask 
contamination by *’P at a level of a few Bqcm. Direct monitoring of such packages is thus 
confined to the detection of relatively high levels of contamination. To avoid this problem the 
normal solution is to wipe the box and measure the wipe in a lower background area. 


A18 X-ray and gamma contamination 


Many nuclides produce low energy x-rays, typically by a process of electron capture. The 
nucleus captures an electron from the K shell, leaving a gap. This is then filled by an electron 
dropping down from a higher level. In doing so it sometimes produces an x-ray photon with an 
energy equal to the difference in energy levels. Such nuclides are popular in many research appli- 
cations as they produce reasonably penetrating radiation, which can also be detected efficiently. An 
example is '”I which produces a mixture of 27 to 32 keV x-rays and 35 keV gamma photons. 

X-ray emitting nuclides can also be found in contamination around nuclear reactors, and are 
particularly prominent in AGRs. The most prominent nuclide is Fe, which emits a 5.9 keV x-ray. 

A less familiar application is for the detection of relatively gross levels of contamination 
by transuranic nuclides such as **’Pu and *'Am. Many transuranics decay by alpha emissions 
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which are very easily shielded. If contamination is suspected but the surface in question is dirty or 
greasy then a check for relatively high levels of activity, typically from a few Bq cm~ upwards, can 
be made by looking for x-rays in the 13 to 20 keV range. These are generated by electrons dropping 
down into the L shell, rather than the K shell. These x-rays are relatively penetrating and will pass 
through a thin layer of grease or oil almost unattenuated. They will also pass, to a degree, through 
paint but will be attenuated by the pigment which is usually titanium or, in older paint, lead based. 

Most gamma emitters also emit beta radiation and, generally, it is the beta radiation which 
is used in contamination monitoring. Typical examples are '*’Cs and “Co. However, there are 
relatively rare examples which do not emit beta radiation or, rather more correctly, where the beta 
decay stage has already taken place. Most common is ”Tc, which is used in large quantities in 
medical imaging. This emits a 140 keV photon. 

It is also, obviously, possible to monitor surface contamination by the beta + gamma 
emitting nuclides using the gamma radiation. This is not done normally for higher energy emitters 
simply because the gamma radiation is too penetrating. To detect it efficiently demands a large 
area, high mass detector, which leads automatically to a high response to background gamma and 
cosmic radiation. As an example, a typical 50 mm diameter, 50 mm thick sodium iodide detector 
will have a background of 50s”'. In comparison, a typical 50 mm diameter thin end window 
pancake GM detector will have a background of 0.5 s"', a factor of 100 lower. Hence, this section 
will concentrate on the detection of relatively low energy x, gamma radiation covering the range 
5 to 140 keV. 

There are two main problems. At the low energy end the window covering the detector has 
to be relatively thin and have a low atomic number to give a good transmission. At the high energy 
end the problem is to stop the relatively penetrating radiation. This demands a high mass per unit 
area, high atomic number detector. There are two popular forms. One is the xenon filled, titanium 
windowed proportional counter. The other is the aluminium or beryllium windowed sodium iodide 
scintillation detector. 


Suitable instruments 


el Xenon filled, titanium windowed proportional counter. 
e Aluminium or beryllium windowed sodium iodide detectors. 
Generally the best 
en There is no clear choice. The instrument characteristics should be considered in the light of 


the monitoring circumstances. See Appendix C. 


Survey procedure 

Even low energy (5.9 keV) x-radiation has a much longer range than alpha or low energy 
beta radiation. Hence the need to hold the detector very close to a surface is reduced. In a similar 
way to high energy beta radiation, drawing back a few mm from a surface effectively increases the 
averaging area, reducing the count rate from point source contamination but having little effect on 
distributed contamination. Monitoring is thus generally similar to dealing with high energy beta 
radiation. The probe should be scanned over the surface in question while the operator listens to the 
audio output. If an increase is noted or if a trigger point is exceeded then the operator should move 
the probe to maximise the count rate, and either record the value and position or clean up the 
contamination immediately. The main problem is the calculation of the expected response to a 
particular nuclide. Many have complicated decay schemes, generating a range of energies. There is 
also a rather poor set of calibration sources in comparison with alpha and beta contamination. 
Manufacturers can often supply typical response data for a range of nuclides but, in the absence of 
specific information, frequently the best that can be done easily is to confirm that the instrument 
should have a significant response to at least a significant proportion of the radiations present. This 
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will give the user the confidence that the instrument will detect significant contamination, although 
quantifying it will not be easily achieved. Alternatively, it may be possible, if facilities are 
available, to make a calibration source by spotting known activity solution on to a suitable surface. 
The response of the instrument can be calculated and noted for future reference. 

One other aspect which is generally more of a problem than for alpha and beta radiation is 
the influence of stock solutions of the nuclide on the bench or in the room. Often these generate a 
significant background level which makes direct local monitoring difficult. If the solutions cannot 
be removed or better shielded then it may be necessary to take wipes for monitoring in a lower 
background area. The same problem is also present when monitoring packages. 
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APPENDIX B 
Hints on Establishing Radiation Type and Energy 


In many circumstances there is no debate on the dominant radiation types and energies 
present. Good examples of this are open shop radiography using an ‘Ir gamma source and 
contamination monitoring in a radiopharmacy that uses only '*°I. However, in many circumstances, 
things are more complicated. These have been noted in earlier sections where, for example, the 
energy of an x-ray beam may be in debate because of scatter or hardening via transmission or where 
there may be a mixture of radiation types produced by a beta thickness gauge. 


B1 X-radiation energy 


X-rays tend to be softened by scatter and hardened by transmission. Often a user might 
wish to employ a steel walled energy compensated GM based detector, because of its low cost and 
operational convenience, but is concerned because there may be a significant component below 
50 keV, to which the energy compensated GM will not respond. What possibilities are there to 
identify whether such an instrument is acceptable? The simplest one is to compare the indication of 
the instrument in question with one with better metrological qualities such as an ionisation 
chamber. If the user makes measurements at each point of interest with the two instruments then an 
intercomparison of the results will clearly identify any points where the energy compensated steel 
walled GM produces a significantly lower indication. If there is no such point, then the GM based 
instrument is acceptable. If there are, then an instrument of better metrological quality will be 
required, such as an ionisation chamber or a thin window energy compensated GM detector. 

An alternative route is to use an ionisation chamber instrument of good quality and a 
0.5 mm thick copper filter. If the user goes to each monitoring point and performs a measurement 
with and without the copper filter then an intercomparison of the results will show points where a 
conventional steel walled energy compensated GM detector cannot be used. These will be where 
the indication with the filter between the source and the open window of the ion chamber (slide 
open or cap off) is less than 50% of the corresponding reading without the copper filter. The 
rationale behind this is that the energy response of the ion chamber with the filter will be very close 
to that of a good quality energy compensated steel walled GM detector. If no large differences 
appear, then the GM unit can be used. 

To illustrate this point the transmission of the copper filter is given below. 


Energy (keV) — Transmission of a 0.5 mm thick Cu filter 


B2 Estimation of beta energy 


It may be useful to have some feel for the energy of a beta radiation field. For example, a 
user may wish to use a thin end window GM detector to determine the directional dose equivalent 
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rate with reasonable accuracy. The response of such a detector varies by about a factor of two over 
the normal energy range of interest for beta dose rate measurements. The values below will help to 
make an estimate of the radiation energy. These were derived using an NPL beta protection level 
secondary standard to produce the radiation field and a Mini Instruments 900 EP15 thin window 
pancake GM survey instrument. 


Transmission of 
Nuclide Emax (MeV) 1 mm polyethylene 


Sr + MY 2.27 + 0.54 
Kr 0.67 
“7Bm 0.225 


It should be noted that polyethylene was chosen for its good transmission of x-radiation. If 
there is a large x-ray (Bremsstrahlung) component then transmissions will be high. Identifying the 
relative components is described in the subsequent section. 


B3 Identifying the presence of x-radiation in the presence of beta radiation 


The process relies upon the fact that the transmission of beta radiation depends mainly on 
the mass per unit area of the material between source and detector, and only to a small degree on its 
atomic number. The transmission of low energy x and gamma radiation, however, depends greatly 
on the atomic number of the filter. 

Convenient filters are given below. Again the transmissions were measured using a Mini 
Instruments 900 EP15. The filter materials have a transmission of about 0.04 for "°Sr + ”°Y beta 
radiation and lower for lower energies. The other filter required is 4mm PMMA (Perspex). This 
has a similar beta transmission. 


Transmission of 
x, gamma 


energy (keV) 0.5mmCu 1.8mmAl 4mm PMMA 


These filters can clearly help to identify whether the field is mainly beta radiation and 
whether it has a significant x, gamma component, and determine its effective photon energy, at least 
approximately. This level of information will usually be sufficient to allow a sensible choice of 
monitoring equipment and a sensible choice of correction factor, if needed at all. 

This process will not work where, for example, there are two widely separated gamma 
energies contributions such as '*’Cs (662 keV) and **'Am (60 keV) but will work where there is a 
mixture of Bremsstrahlung and beta radiation. 

Alternatively, an easy qualitative test is to use a detector with a very poor beta response 
and a very high x, gamma response, such as a sodium iodide detector with a thick plastic end cap. 
This will clearly indicate the presence of x, gamma radiation even in the presence of a relatively 
high beta intensity. However, the results will be difficult to interpret quantitatively. 
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B4 Gaining information on mixed contamination 


Sometimes, particularly in older facilities undergoing decommissioning, it is useful to be 
able to identify, broadly, the contaminants present. 

Easy first separations are into alpha, beta and x, gamma emitters. Alpha emitters are 
relatively easily identified because only they will cause a count rate in a correctly set up alpha 
probe. Similarly, low energy x, gamma emitters can clearly be identified because they will produce 
a very much higher count rate on a thin sodium iodide scintillation detector than on any beta 
scintillation, GM or gas refillable proportioned counter detector. 

If the potential beta contaminants are reasonably energetic, with F,,,, from 0.3 MeV 
upwards, then the alpha contribution to a typical beta detector can be removed simply by making 
measurements with a 15 mm surface to probe spacing. This will normally reduce the alpha 
contribution to close to zero while not greatly affecting the beta signal. 


B5 Estimating beta contamination energy 


Often it will be useful to be able to make a crude estimate of the energy of a beta 
contaminant. This is reasonably easy to do where there is one dominant nuclide, but care should be 
taken where there is a complicated mixture. The results below were obtained using paper absorbers, 
but any other similar material, such as polythylene food bags or cling film will do, provided the mass 
per unit area can be estimated. The paper used had a thickness of 6 mg cm ~, equivalent to 60 g m~. 

Again a Mini Instruments 900 EP15 was used. 


Half thickness Quarter thickness Tenth thickness 
Nuclide Emax (MeV) (mg cm”) (mg cm”) (mg cm”) 


Sr+°Y 0.54 + 2.27 
“Cl 0.69 

266 0.31 

“7Bm 0.225 

a @ 0.167 


B6 Estimating the energy of a gamma source 


Sometimes, particularly in NAIR incidents or when decommissioning facilities, it will be 
convenient to estimate the energy of a gamma source. This can be done using lead filters. Lead is 
easily available from most builders’ merchants in a range of thicknesses and of sufficient purity for 
this purpose. Any gamma detector can be used provided its response is not violently energy 
dependent, such as thin sodium iodide scintillation detectors. Thick ones, eg 50 mm xX 50 mm, are 
acceptable, as are any GM detector and ionisation chamber. 

This process is not accurate but can be used to differentiate between °Co, from activation, 
1.25 MeV average, and '7Cs, from contamination, 662 keV, for example. It can also be used to 
identify an **'Am smoke detector from a **°Ra based example, as 1 mm of lead will completely 
shield an ~*'Am gamma source but will have only a limited influence on the **°Ra one. 


Nuclide E (MeV) Half-value thickness (mm Pb) 
1.17 + 1.33 
0.36-0.72 


0.662 
0.32-—0.61 
Various to 2.09 
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APPENDIX C 
Summary of Instrument Characteristics 


Conventional energy compensated GM detector 


Good points 
Compact for a particular sensitivity, compared to ion chambers. 


Electronically simple. 

Low maintenance. 

Tough, when well designed. 

Popular and inexpensive. 

Easy to couple to an audio output. 

Adequate energy and polar response if well designed. 


Will withstand very high dose rates in the case of equipment failure. 


Weaknesses 
Responds only to x, gamma radiation above 50 keV. They will under-respond significantly 
in an unfiltered x-ray beam for potentials less than 150 kV. 


A vigorous over-response, by up to a factor of two for very high energy (>3 MeV) 
X, gamma radiation 


Pulsed sources — there is a count rate limitation when used with pulsed sources. For pulsed 
sources producing narrow (up to tens of microsecond) pulses it is important that the count 
rate from the detector does not exceed 30% of the pulse repetition frequency, otherwise the 
instrument will under-read. Hence it is essential to know the sensitivity of the instrument 
[in counts s'/(uSv h')] and to identify a maximum trustworthy count rate. This leads to 
the unfortunate circumstances that the higher the sensitivity, the lower the maximum 
useful indication. 


Pulsed sources will give a completely false reading at high dose rates, for example close to 
the target in the main beam. At the ultimate the detector will record one pulse per radiation 
pulse. For a 400 Hz machine this means a maximum count rate of 400 s"'. If a relatively 
high sensitivity detector is used, for example one giving 5 s '/(uSv h’'), then that gives an 
ultimate indication, at no matter how intense a dose rate, of 80 uSv i: 


Check for 
Adequate sensitivity. For reasonably quick monitoring a minimum count rate of at 


' and preferably 5s" is required. Higher is better. For 7.5 uSvh™' choose a 


least 3 s” 
detector giving at least 0.8 s'(uSvh''). For 2.5 uSvh' choose one giving at least 
2 s'/(uSv h’'). 

A decent ambient dose equivalent rate response from 50 keV to 1.25 MeV (within +25% 
compared to '"’Cs gamma radiation). 


A reasonable polar response. When tested at 60 keV the response should be within +25% 
of that in the reference direction when tested out to 45° off axis. 


No fall back at high dose rates. There is no technical reason why a GM based instrument 
should fail to danger below 1 Sv h'. 
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Thin window energy compensated GM detectors 


Good points 
Compact for a particular sensitivity compared to ion chamber types. 


Electronically simple. 

Low maintenance. 

Very wide energy response for x, gamma radiation, 10 keV upwards. 
Inexpensive. 

Easy to couple to an audio output. 


Detector can be mounted on a probe, which can be steered round complicated objects. 


Weaknesses 
Responds effectively only to x, gamma radiation. 


Slightly less robust than conventional energy compensated GM instruments. 


Similar problems as for conventional energy compensated GM instruments at high energies 
and when dealing with pulsed sources. 


Check for 

Adequate sensitivity. Aim for a count rate at the lowest dose rate of interest of at least 
387. 

As for conventional energy compensated GM instruments, except for the wider energy range, 
10 keV tol.25 MeV. 


Thin end window GM detectors 


Good points 
A reasonably high sensitivity to a wide range of x-ray energies. 


Responds to beta radiation. 

Electronically simple. 

Low maintenance. 

Inexpensive (=£100). 

The detector is normally on a probe, which can be steered round complicated objects. 


A good audio output, which means the user can concentrate on steering the probe and only 
has to read the display when an elevated count rate is located. 


Weaknesses 

X-radiation response is energy dependent typically over a range of about four from the 
minimum, usually taken as BIC gamma radiation (662 keV), to the maximum, at 
approximately 60 keV, falling slowly for lower energies. For estimating directional dose 
equivalent rates in mixed beta and x, gamma fields the normal approach is to use the '*’Cs 
gamma response factor, which is generally close to the response for energetic betas 
(Sr + *°Y) and not more than twice the response for betas of lower energy. In this way the 
instrument may slightly under-respond for beta radiation and will generally over-respond 
for the Bremsstrahlung. 


Very vulnerable to window damage. A typical 1 mg cm™ window can be punctured by a 
cut-off rye grass stalk, as well as obviously potentially damaging objects such as tweezers 
and screwdrivers. However, for x-ray measurements, the protective cap can normally be 
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left in place, provided the energy response is known for the cap on and provided the user is 
confident that really low energies, ie those below 15 keV, are not likely to be present. 
Above that energy a typical plastic cap provides very little attenuation. 


Relatively high repair costs. The only solution to a damaged detector is complete replace- 
ment, unlike some other contamination monitor types which can be refurbished. 


Check for 

X, gamma radiation — polar response. The best shape of detector is one with a window 
diameter which is large compared to the detector depth. For that shape the response is not 
violently directional. For long thin detectors at low energies the response is very 
directional. Hence, to make a sensible measurement of leakage radiation, such a detector 
has to be in the right place and pointing in the right direction. 


Beta contamination monitoring — sufficient size. The industry standard has a 50 mm 
diameter end window. Smaller ones make for very labour intensive monitoring and should 
only be used when monitoring difficult and complicated objects. 


Good grille. The detectors are very vulnerable and should normally be protected by a fine 
etched mesh grille. Wire grilles are less transparent, particularly to betas arriving at 
shallow angles. Open mesh grilles generally lead to high damage rates but can be useful 
when monitoring smooth surfaces at very low levels. 


A good performance at the lowest energy of interest. This low energy defines the 
maximum window thickness. The performance of the detector drops as the beta energy 
decreases. Generally such detectors are useable down to 0.17 MeV eer 35S) at a limit of 
4 Bq cm”. 

The correct shape. Detectors should have a window diameter greater than the detector 
depth. Deep detectors lead to higher background count rates, increasing the maximum 
missable activity. The normal term for a detector with a high diameter to depth ratio is a 
pancake detector. 


Large energy compensated GM detector connector to a scaler-timer for 
environmental air kerma rate measurements 


Normally this employs a ZP1221/01 or similar energy compensated GM detector. 


Good points 
Adequate sensitivity, ~16 s'/(UuGy h''). 


A reasonably low self dose rate, typically 0.2 pulses per second compared to the | to 
2 pulses per second produced by cosmic and environmental gamma radiation. 


Electronically simple. 
Low maintenance. 
Extremely light. 

Easy to mount on a tripod. 


Low cost. 


Weaknesses 
The response rises sharply above 1 MeV. See Figure Cl. This can cause problems in the 
presence of very high energy gamma radiation, such as the 6 to 7 MeV radiation from '°N. 


The detector is not completely robust but can be protected by foam. 
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FIGURE C1 X and gamma air kerma response of a ZP1221/01 energy compensated 
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GM detector 


Check for 
A creeping increase in background count rate, particularly when the detector is left 
powered for months. 


A tendency for the count rate to change with temperature, particularly when the detector is 
continuously powered. 


A gradual fading away after an impact. Dropping the probe can cause cracks in glass or 
ceramic seals, leading to loss of function over days and weeks. 


Thin glass or metal walled GM detectors 


These are generally cylindrical with a glass or metal wall with a thickness of approximately 


30 mg cm”, a length of 10 to 20 cm and a diameter of approximately 15 mm. 


Good points 
Reasonably robust when compared with thin window detectors. 


Electronically simple. 
Inexpensive to buy. 
Easy to couple to an audio output. 


Light. 


Weaknesses 

A relatively high minimum useful beta E,n4x, generally approximately 0.5 MeV. 

A rather undefined monitoring area. An end window detector held close to a beta 
contaminated surface will, for monitoring purposes, only respond to activity directly below 
the window as the thick side walls will screen out particles from further away. With a 
cylindrical geometry, even in a shielded probe, most designs will respond to particles 
incident at shallow angles and hence from far away. 


Relatively high background count rate per unit contamination sensitivity. 
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Check for 

Halogen filling. These operate over a wide temperature range and have very long lifetimes. 
Organic filled detectors, while easier to make and cheaper, are generally less reliable and 
are shorter lived. 


C6 lonisation chambers 
Good points 

e Excellent x, gamma ambient dose equivalent energy and polar response generally (slide 
shut). 

e Good beta directional dose equivalent energy and polar response generally (slide open). 

e No significant dose rate limitations normally. 

Weaknesses 

e Bigger and clumsier than energy compensated GM types. 

e More expensive. 

e Generally more sluggish at low dose rates 

el Relatively insensitive and subject to higher background fluctuations than other dose rate 
monitors. 

e Large averaging area for a given sensitivity which may lead to much lower indicated dose 
rates than end window GM detectors, for example, when monitoring narrow beams. 

e Require more maintenance. 

e Generally no audio output. 

et May change range or function unexpectedly if strong magnetic fields are encountered. 
Check for 

e Adequate sensitivity — it is important that, at levels at which barriers are to be set etc, the 
instrument indication is readable. On analogue instruments the minimum level of use 
should be at least 25% of the lowest dose rate range scale maximum. 

e Problems associated with any magnetic fields. 

e Low area instruments with an apparently high sensitivity. 

e Ion chambers with a 10 cm’ end window and a 10 uSvh' full-scale most sensitive range 
are available. However, they are very difficult to use, generally have a very high level of 
fluctuation at background levels and need careful maintenance. 

C7 High pressure ionisation chamber instruments 
These use high volume (>5 litres), high pressure (~10 atmospheres) steel walled ion 

chambers. 


Good points 
A good energy response, above approximately 80 keV. 


Adequate sensitivity. 


Weaknesses 
The detector is a pressure vessel which cannot be transported by air without special 


precautions. 


Extremely heavy. 
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Bulky detector. 


Very expensive. 


Large energy compensated proportional counter detector connected to a 
scaler-timer 


Good points 
Adequate sensitivity. 


Low self dose. 

Good energy response, extending to lower energies than the GM detector types. 
Low maintenance. 

Extremely light. 


Easy to mount on a tripod. 


Weaknesses 
Electronically more complicated than GM detector types. 


Check for 


Gradual loss in sensitivity with time. 


Scintillation based dose rate monitors 


These are instruments fitted with plastic scintillators and marked in uSv h”'. These are not 


sodium iodide based instruments marked in counts per second. 


C10 


Good points 
Very good x, gamma sensitivity, giving a very fast response and a very steady reading at 
2.5 and 7.5 uSv h’. 


Good x, gamma energy and polar responses. 


Weaknesses 
Much more expensive. 


More difficult to set up and maintain. 
Likely to require occasional adjustment throughout their lives. 
Generally no audio output. 


May behave oddly in pulsed fields as the instrument struggles to cope with the relatively 
high dose rate in the pulse followed by a much longer period at background levels. 


Generally only available as a single-handed unit, not as a probe and ratemeter combination. 


Check for 

Low energy performance. Energy responses are often given on logarithmic graphs with 
sparse markings. When dealing with low energy sources it is important to confirm that the 
energy and polar response is adequate. 


Large plastic scintillator instruments for the detection of lost sources etc 


These use large blocks of plastic scintillant. The detection probability is less per unit 


volume than for sodium iodide because the detector density is less and the atomic number is lower. 


However, the scintillator is generally much bigger. 
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C12 


Good points 
High sensitivity for large sizes. Typically volumes of 500 cm? upwards are used. 


Easy to couple to an audio output. 
Very tough detector. 
Weaknesses 


No photopeak, ie full energy peak, but energy information can be derived from the 
position of the compton edge. 


Lower light output per unit energy deposited so the electronics have to work harder. 
Sensitive to magnetic fields. 


Check for 
Adequate sensitivity. 


Large sodium or caesium iodide scintillation detector based instruments, for 
lost source detection 


Good points 
High sensitivity, with approaching 70% detection efficiency even for high energy gamma 


radiation for 51 mm 151 mm crystals. 


Electronically reasonably simple. 
Easy to couple to an audio output. 


Can be connected to a single channel analyser to reduce background and improve detection 
efficiency. 


Can be connected to a multi-channel analyser to produce nuclide identification. 
Weaknesses 

Expensive. 

Heavy compared to normal radiation protection equipment. 

Fragile, particularly the sodium iodide crystal, less so the caesium iodide type. 
May be corrupted by strong magnetic fields. 

Check for 


An adequately low energy threshold. For general monitoring a threshold of 60 keV is 
useful and easy to set using *“’Am gamma radiation. 


Sensitivity — it should be close to values given in standard texts. Low backgrounds or 
sensitivities indicate detector damage. 


Aluminium and beryllium thin windowed thin crystal sodium iodide 
detectors 


These generally comprise a thin sodium iodide crystal, typically 3 mm thick and 20 to 


150 mm in diameter, protected by a thin aluminium or beryllium window. Aluminium is used for 


detectors with a minimum energy of use of approximately 10 keV, while the more expensive and 


toxic beryllium is used for detectors which have to operate at lower energies. 


Good points 
A good detection efficiency over a wide energy range, up to at least 140 keV. 


An extremely high sensitivity typically in the hundreds or thousands of counts s'/(uSv h-') 
for low energy x-ray detection. 
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FIGURE C2 Typical response of a thin sodium iodide scintillation detector for 


x and gamma air kerma rate 


Reasonably tough — the windows are unpressurised and thicker than the xenon filled 
proportional counters and will not puncture when tapped with a pair of blunt nosed 
tweezers, for example. 


Can be used very effectively with counting energy windows to reduce background. 


A good audio output. For dose rate monitoring normally the best process is to concentrate 
on guiding the probe around the object of interest. The very high sensitivity means that 
even small defects will give a very clear burst of clicks. The surveyor can then pause, 
move the probe around to maximise the indication and then record the answer. 


Weaknesses 
A very rapid change in response with energy when measuring dose rate. See Figure C2. 


The sodium iodide crystal is easily shattered and is also hygroscopic. Sharp knocks will 
cause the crystal to craze, greatly reducing the light gathering efficiency. Any sort of 
possible moisture ingress will result in yellowing of the crystal, again reducing the light 
gathering efficiency. This is expressed as an increase in the counting threshold energy. 


Operating voltage is very variable. In common with other photomultiplier based devices 
the correct operating voltage can range from 600 to 1200 V. 


Susceptible to strong magnetic fields, although the best examples have a mu-metal shield 
around the photomultiplier, which helps greatly. 


Background count rate is higher per unit area than proportional counters. 


More expensive than GM units for dose rate monitoring. 
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Check for 

Confirmation that the energy threshold, ie the minimum energy which the instrument can 
detect, is low enough. Each probe requires individual setting up. There is also a limited 
number of test radionuclides which generate low energy radiations which can be used for 
setting up. This is different from other instrument types, such as GM, ion chamber and 
plastic scintillator types, where the energy response does not depend on the operating 
voltage. 


A good polar response. Instruments with the crystal mounted at the very end of the 
detector always have good polar responses. Some have the crystal within a collimator. 
This reduces the background, but also gives a very directional response which means that 
the detector has to be in the right place and pointing in the right direction to give 
meaningful results. 


Excessive sensitivity when monitoring x-ray dose rate. If significant radiation levels are 
anticipated, will the instrument go to full-scale deflection? This is a strong possibility for 
higher voltage electron microscopes, for example. 


Zinc sulphide scintillation detectors 


Good points 
Very efficient alpha detector. 


Available in reasonably large sizes, up to 20 cm 1130 cm. 


Good beta and gamma rejection. 

Virtually zero background count rate. Every event can be treated as potentially significant. 
Available as both probe and ratemeter and combined units. 

Audio output always available. 


Competitive price. 


Weaknesses 
The optimum operating voltage is variable, even within one type of probe. 


Susceptible to damage to the very thin foil covering the scintillator plate which can lead to 
erratic performance as a result of light getting in to the detector (rugged versions are 
available but are more expensive). 


Susceptible to strong magnetic fields. 


Check for 
Older instruments that fail to danger when there is a light leak. 


Detectors with excessively patched foils. Normally one or two small particles over points 
where the window has been damaged are acceptable. 


Poor uniformity of response over the area of the detector caused by poor light collection or 
scintillator deterioration. 


Correct operating potential. When in use for confirming the absence of alpha 
contamination in a low beta and gamma background the operating voltage should be set 
close to the point where background becomes noticeable, >0.1 s"'. When used in areas of 
high gamma background or in the presence of beta contamination the operating voltage 
should be lower to avoid background counts. This, however, will reduce the sensitivity to 
alpha activity, particularly for lower energy and dirty sources. 
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Dual phosphor probes, comprising a layer of zinc sulphide on a thin plastic 
scintillator plate 


These offer dual monitoring of alpha and medium to high energy beta contamination. 


Good points 
Dual function. 


Available in reasonably large sizes. 
Virtually zero alpha background count rate in normal gamma backgrounds. 
Audio output available with a different sound used to indicate alpha and beta pulses. 


Window easy to replace. 


Weaknesses 
More susceptible to influence from beta and gamma radiation. 


More complicated, with a more demanding setting up procedure. 
Variable operating voltage between examples. 


Beta detection efficiency is poorer than both gas filled detectors and most beta only 
scintillation detectors. 


Susceptible to window damage (rugged versions are becoming available). 


While beta radiation should rarely cause an alpha count, a good proportion of the alpha 
radiation will cause a count in the beta channel. The dirtier the source, in the sense of the 
thickness of grime or grease covering the activity, the larger the proportion that enters the 
beta channel. 


Susceptible to magnetic fields. 


Check for 
Light leaks. 


Detectors with excessively patched foils. 


Poor uniformity of detection, particularly in the corners of the probe. 


Solid state alpha detectors 


These use large area silicon diodes as the sensitive element. 


Good points 
Compact, as no photomultiplier tube is required, unlike scintillation detectors. 


No gas filling is required, unlike thin window proportional counters. 


Lightweight. 


Weaknesses 
No amplification in the detector itself which makes them particularly sensitive to 
interference from radiofrequency fields and magnetic fields. 


Light sensitive. 


Expensive detector. 


Check for 
Magnetic fields and radiofrequency fields which may corrupt monitoring results. 
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C16 ~=— Gas refillable proportional counters 


These use a large area, often 10cm[/15 cm, thin windowed gas filled proportional 


counter. The hand-held ones generally use butane lighter fuel as a counting gas. The detector 
requires regular refreshing, either from an external tin or from a built in reservoir. 


Good points 
e Large size. 
en Good uniformity of response. 
e Good alpha and beta detection efficiency over a wide range, covering beta emitters with 


maximum energies from '*C (0.167 MeV) upwards. 


el Relatively compact (no photomultiplier tube). 
e Easy window repair. 
e Detector can be rewired. 
Weaknesses 
e Needs regular gas refilling and refreshing. 


C17 ~=Thin window xenon filled sealed proportional counters 


These are generally 10cm (j/10cm or larger xenon filled proportional counters with 


titanium windows about 5 mg cm” thick. 


Good points 
e Can be obtained in large sizes. 
e Also sensitive to low energy x, gamma emitters such as '*°I and Fe. 
e Can be re-windowed, although the cost is a large fraction of a new detector. 
e Tougher than the thin end window GM detectors although still vulnerable to sharp points 


such as tweezers, nails, wire and swarf. 


Weaknesses 
e Expensive compared to GM detectors. 
e Requires a better stabilised higher voltage supply, typically 1.6 to 2 kV. 


On rare occasions can fade away slowly as a consequence of an undetectable leak. 


Check for 

e An acceptable performance at the minimum energy of interest. Generally they are suitable 
down to 0.17 MeV, in spite of the generally thicker window when compared to GM 
detectors. 

e A good fine etched mesh grille. Detector repair costs are high, generally around £500. It 


makes sense to have a grille offering a high level of protection provided the response is 


still adequate. 


C18 Thin windowed scintillation detectors 


These use either a thin layer of an organic scintillator deposited on a clear plastic plate or a 
thin plate made from a plastic scintillator. The former variety has a generally better low energy 
performance. The scintillator is protected by a thin aluminised melinex window with a mass per 
unit area of around 1 mg cm™~. Window areas range from 20 to 600 cm’ and come in a variety of 
shapes, round, square or rectangular. The scinitillator is viewed by a photomultiplier which turns 
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the light generated by the scintillator into an electric current. This can be mounted with its axis 
normal to the plane of the scintillator or at any angle down to the point where the axis is parallel to 
the plane of the scintillator. Each shape and photomultiplier tube arrangement has its merits. 


Good points 
e Generally very good response over a wide energy range. 
e Large variety of sizes, shapes and geometries. 
et A much lower response to x, gamma radiation below 300 keV than similar sized GM or 


proportional counters. 


e Audio output always available. 
el Window repairs are easy. 
Weaknesses 
e The operating voltage is variable, even within one type of probe. 
ed Susceptible to window damage, although repair is easy and cheap. This can lead to an 


erratic performance as a result of light getting into the detector. Rugged versions are 
available but are much more expensive. 


e Susceptible to strong magnetic fields. 
Check for 
e Detectors with excessively patched foils. Normally one or two small particles over 


window damage are acceptable. 


e Poor uniformity of response over the area of the detector caused by poor light collection or 


scintillator deterioration. 


e Correct operating potential. Normally this should be set just below the point at which the 


background starts to climb. This will maximise the response to low energy and dirty 


sources. 


C19 Spherical 210 mm diameter moderator, BF; proportional counter 


Good points 
en Lighter than most cylindrical moderators. 
e Good gamma rejection. 
Weaknesses 
en Poor energy response compared to larger moderators, with a rapid fall-off at the high 


241 7 
energy end, where many common sources, such as “Am + ‘Be, are encountered. 


e BF; is poisonous. 
Check for 
e Suitable time constants. Switched time constants and/or an audio output help locate areas 


of high dose equivalent rate. 


C20 Spherical 210 mm diameter moderator, 3He counter 


Good points 
en Lighter than most cylindrical moderators. 
e Non-poisonous gas. 
e Lower operating voltage. 
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C22 


Weaknesses 
Poor energy response compared to larger moderators, with a rapid fall-off at the high energy 
end where many common sources are encountered. 


Poorer gamma rejection than the BF; detector variety. These may start to respond to gamma 
radiation from about 20 mSv h™ upwards. 


Check for 
As above. 


Spherical 210 mm diameter moderator, Lil(Eu) scintillator 


Good points 
Lighter than most cylindrical moderators. 


Lower operating voltage. 


Weaknesses 
As above, plus a much larger range of operating voltages between individual instruments. 


Check for 
As above. 


Cylindrical moderator (=215 mm diameter, =250 mm long) moderator, 
BF; proportional counter 


Good points 
The best energy response of commonly available types. 


Good gamma rejection. 


Weaknesses 
Unpleasantly heavy, to the point at which they may be too heavy to be carried by one 
person without breaching manual handling regulations. 


BF; is poisonous. 
Check for 
As above. Many of these instruments have pulse output sockets which can be connected to 


external scaler-timers. This allows very long integration times to give good precision at 
low (site perimeter) dose equivalent rates. 


45 


ai 


Public Health Basic Concepts of Radiation 
England 


What is Radiation? 


This leaflet answers key questions about radiation: what is radiation, how does radiation affect 
people and how are we exposed to radiation? Radiation refers to the transfer of energy from one 
place to another. 


There are two types of radiation: 
e non-ionising radiation, such as visible light, signals from mobile phones and radio waves 


e ionising radiation, such as radiation emissions from uranium ore and high frequency waves in 
the electromagnetic spectrum (eg X-rays) 


Each type of ionising radiation is capable of disrupting stable atoms and causing them to have an 
imbalance of charge (ionisation). This can cause chemical changes in living matter which may cause 
harm to people’s health, depending on the radiation dose received. 


What is lonising Radiation? 


Unstable atoms in a material are said to ‘decay’ giving out ionising radiation in the process. The 
property of a material to decay and emit ionising radiation is called radioactivity and the material 

is said to be radioactive. As the unstable atoms in a radioactive material decay the atoms change 
to another form. The time taken for half the unstable atoms in a material to decay and change is 
known as the half-life. Each radioactive material has its own half-life. These vary from less than a few 
seconds to more than thousands of years. 


There are three main types of ionising radiation: alpha (a), beta (B) and gamma (y). Aloha and beta 
radiations are particles, while gamma radiation is a wave similar to X-rays. These forms of radiation 
differ in their ability to penetrate into the body or other materials and also in their ability to cause harm 
to people. 


Alpha particles As they are relatively big, heavy and slow, alpha particles are not able to penetrate 
very far through materials. They are stopped by a few centimetres of air or a sheet of paper and even by 
the dead layer of skin on the outside of our bodies. As they usually cannot penetrate into the body, alpha 
particles do not pose a significant hazard from outside the body. However, radioactive materials emitting 
alpha particles can get into the body by inhalation, ingestion or through open wounds. They can then 
damage tissue and have a greater potential to cause cancer than beta particles and gamma rays. 


Beta particles These are relatively light, small and fast, so they may travel several metres in air and 
can penetrate through exposed skin. Consequently, beta particles can present a hazard from inside 
or outside the body. They can be stopped by thin sheets of aluminium or perspex. 


Gamma rays These rays have no weight and can penetrate through the body, depositing some 
of their energy on the way and so causing harm. Gamma rays are therefore a hazard both inside 
and outside the body. They can be stopped or exposure can be reduced by the use of thick, 
heavy shielding. 


How Radiation Affects People 


The term ‘radiation dose’ is used to describe the amount of energy absorbed by a material from 
ionising radiation passing through it. The most common measure of radiation dose to people is 
called effective dose, measured in units called sieverts. Effective dose takes account of the different 
sensitivities of organs in the body and the effects of different types of radiation. A sievert is a large 
dose of radiation and in most cases radiation dose will be given in microsieverts (uSv, one-millionth 
of a sievert) or millisieverts (nSv, one-thousanth of a sievert). 


At low levels radiation causes no immediate perceptible damage to people. However, any exposure 
to radiation is considered to be capable of increasing the lifetime risk of cancer and of passing on 
hereditary illnesses to children. Individuals exposed to very high doses of radiation may receive burns 
to the skin, damage to the gastrointestinal, cardiovascular or nervous systems, and exceedingly high 
doses can cause death. 


Radiation Exposures 


People have always been exposed to low levels of radiation from natural sources. On average, 
people in the UK receive an annual dose of 2.7 mSv. Natural sources make up 84% of this dose, 
with the remainder coming from a variety of artificial sources. 


Average annual radiation exposure of a person in the UK (2.7 mSv overall) 


84% natural 


13% gamma rays from 


th d and buildi 
50% radon gas from the ground SS or ae oe ee 


12% cosmic rays 
15% medical 


— 0.2% occupational 
0.2% fallout 


<0.1% nuclear discharges 
«0.1% products 


16% artificial 


Natural radiation sources include gamma rays from the natural radioactivity in the Earth and in 
building materials, the small amounts of natural radioactivity in food and drink, and cosmic rays which 
bombard the Earth from space. However, by far the greatest contribution comes from breathing 
radon gas which is given off by natural radioactive materials in the Earth. Inhalation of radon leads to 
alpha-particle irradiation of the lungs and has been shown to cause lung cancer. 


Artificial (man-made) sources are dominated by medical exposures. All other artificial sources 
contribute in total less than 0.5% of the average annual exposure. 


For further information visit our website at www.gov.uk/phe. 
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Nuclear Emergencies 
Information for the Public 


Introduction 


The Radiation (Emergency Preparedness and Public Information) Regulations 2001 
(REPPIR) establish a framework for the protection of the public through emergency 
preparedness for accidents with the potential to affect members of the public. The 
Regulations require the provision of information to the public in advance in situations 
where a radiation emergency might arise and during any kind of radiation emergency. 


This booklet is intended to support the operators of nuclear sites* in the provision of 
information to the public by providing background information on radiation and health. 
It should be noted that further detailed information is provided by the site operator to 
residents who live within the detailed emergency planning zone (DEPZ) around sites. 
It is recommended that the contents of this booklet are read together with other local 
guidance provided by the site operator. 


* Nuclear sites can be fixed nuclear plants used (or formerly used) for power generation and research, 
berths cleared for use by nuclear powered warships, defence nuclear sites or facilities used to store 
nuclear material or radioactive waste. 


Accident Consequences 


Nuclear sites are designed, built and operated so that the chance of an accident and 
any release is very low. Accidents have occurred however, notably at Windscale (UK) 
in 1957, Three Mile Island (US) in 1979, Chernobyl (Ukraine) in 1986 and Fukushima 
(Japan) in 2011. In the last two cases, radioactivity was released from the site. 
Legislation requires operators of nuclear sites to have plans to deal with accidents. 


Weather conditions at the time of release are an important factor determining the 
affected areas as the radioactive material is carried down wind, spreading out and 
depositing on the ground and other surfaces as it goes. 


People may be exposed to radioactivity released during an accident in the 
following ways: 


e by breathing in radioactive materials (inhalation) 


e by direct radiation exposure from radioactive materials carried in the air and 
deposited on surfaces 


e by eating and drinking food and water contaminated with radioactive materials 
(ingestion) 


Rain washing 
Radioactive material material out of the air 


carried by the wind 
Sania 


Breathing De ie Mer gs 


Direct \ 
radiation 


Radioactive 
material in food 


Direct radiation from 
radioactive deposits 


Countermeasures 


In the unlikely event of an accident at a nuclear site which results 
in a release of radioactive material, the following actions could be 
taken to reduce radiation doses. 


Sheltering Staying indoors with doors and windows closed. This 
provides protection from breathing in radioactive material in the 
air. It also gives protection from direct radiation from radioactive 
material on the ground. 


Evacuation Evacuation reduces exposure by taking people away 
from the affected area. 


Stable iodine tablets Faults at operating nuclear reactors can 
release radioactive forms of iodine, which can lead to radiation 
doses to the thyroid gland. It has been shown that taking stable 
iodine speeds the removal of radioactive iodine from the body, 
resulting in a reduced radiation dose. In the UK, potassium iodate 
tablets are available for this purpose. 


Food Radioactive material deposited on soil or grass can find its 
way into food through crops and animals. It might be necessary 
to ban milk or other foods containing radioactive material following 
an accident. 


Food advice compared with other countermeasures Where 
food is contaminated it can lead to an intake of radioactivity over a 
longer period of time, leading to a build-up of dose. This dose can 
be reduced by banning the sale of contaminated food. The limits. 
on radioactivity in food are deliberately low to reduce radiation dose 
to minimal levels. This may result in a wide area being subject to 
food controls. 


If you are in doubt about what countermeasure action to take, 
follow the instructions provided by the emergency services. 


If you live close to a nuclear site, you should refer to the 
specific local information provided to you. 


Emergency Plans 


To ensure that there is adequate protection against accidents, legislation requires the 
operator of a site to conduct a detailed safety assessment of the plant and processes. 
This assessment assists in identifying circumstances in which an accident may occur. 
Based on the results of the assessment, working procedures may be changed or 
additional engineering controls introduced to make the possibility of an accident even 
more unlikely. 


From the assessment, the most serious reasonably foreseeable accident is identified. 
Each site is required to have emergency plans to deal with the on- and off-site 
consequences of such an accident. Emergency plans must be sufficiently flexible to deal 
with any reasonably foreseeable accident and extendable in the event of a more serious, 
but less likely accident. The plans contain details of arrangements to protect the public 
and are available to the public through local authority websites and public libraries. 


Off-site facility 
Police, local and national organisations, site operator 


Provides a centre where local and national agencies can 
work together and draw up advice on actions to protect 
the public. Often police strategic coordination centres 
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Media briefing centre 
Close to the off-site facility 


Focal point for media 
information 


Other national centres 
PHE Centre for Radiation, 
Chemical and Environmental 
Hazards 
Advice, monitoring, assessments, 
information 
Office for Nuclear Regulation 
Licensing, site safety 
RIMNET 
Detect and measure radiation 
levels 
Food Standards Agency 
Safety of food 
Main lines of Environment Agencies 
communication Safety of water supplies 
MESS S555. Health Departments 
Public health, hospitals 


Detection and Monitoring 


Radioactive material in the environment can be measured in various ways. Many 
organisations can make such measurements: operators of nuclear sites, Public Health 
England (CRCE), government departments, local authorities, universities and local 
medical physics departments. 


Following an accident, a wide range of food supplies and drinking water would be 
checked to see if they contained more radioactive materials than the allowed levels. 


Fixed radiation monitors around nuclear sites would detect and measure abnormal 
radiation levels.By international agreement the UK should receive warning of nuclear 
accidents abroad. As a back-up, automatic instruments throughout the country form 


the radioactive incident monitoring network (RIMNET), which would detect and measure 
abnormal radiation levels. 


Detailed and sensitive measurements of radioactive materials in people can be made to 
assess doses and to check that countermeasures were effective. 


Monitoring of the general public living in the vicinity of a nuclear site would be conducted 
to provide reassurance to the public in the event of an accident. Initial monitoring would 
be followed-up, if necessary, to assess long-term doses to individuals. 


Website Links and Further Reading 


Additional and more detailed information is publicly available on the internet. Links to 
some websites of interest and valid at the time of publication are given below. 


Department of Energy & Climate Change — www.gov.uk/decc 
Environment Agency — www.environment-agency.gov.uk/nuclear 
Food Standards Agency — www.food.gov.uk/ 


HM Government — 
www.gov.uk/preparing-for-and-responding-to-energy-emergencies#civil-nuclear 


International Atomic Energy Agency — 
www.iaea.org/Publications/Factsheets/English/ines.pdf 


Meteorological Office - www.metoffice.gov.uk/publicsector/emergencies 
Ministry of Defence - www.gov.uk/mod 


Nuclear Emergency Planning Liaison Group — www.gov.uk/government/publications/ 
nuclear-emergency-planning-consolidated-guidance 


Office for Nuclear Regulation - www.hse.gov.uk/nuclear/index.htm 


Scottish Environment Protection Agency — www.sepa.org.uk/radioactive_substances/ 
what_we_do/emergency_response_planning.aspx 


Scottish resilience - www.scotland.gov.uk/Publications/2007/06/12094636/6 
UK nuclear sites 

EDF Energy — www.edfenergy.com 

Magnox -— magnoxsites.co.uk 

Sellafield Ltd - www.sellafieldsites.com/ 


UK resilience — www.gov.uk/government/policies/ 
improving-the-uks-ability-to-absorb-respond-to-and-recover-from-emergencies 


About Public Health England 


Public Health England’s mission is to protect and improve the nation’s health and to 
address inequalities through working with national and local government, the NHS, 
industry and the voluntary and community sector. PHE is an operationally autonomous 
executive agency of the Department of Health. 


Public Health England 

133-155 Waterloo Road 

Wellington House 

London SE1 8UG 

www.gov.uk/phe 

@PHE_uk 

PHE has a large network of staff based throughout the UK, including a central office 
based in London and three major centres at Chilton, Colindale and Porton. 

For further information and to find your local PHE office visit the website at 
www.gov.uk/government/publications/phe-centre-addresses-and-phone-numbers 


PHE Centre for Radiation, Chemical and Environmental Hazards 


CRCE provides advice and services, and carries out research, to protect the public from 
hazards resulting from exposure to chemicals and poisons, radiation both ionising and 
non-ionising, and ultrasound and infrasound. CRCE also leads for PHE on public health 
effects of climate change and extreme environmental events such as flooding. In a 
radiation emergency, senior CRCE representatives would provide radiological advice to 
government and to the local emergency centres dealing with the incident. 


PHE CRCE Emergency Role 

e radiological protection advice and information 

e radiological assessment 

e environmental radiation monitoring 

e personal monitoring 

CRCE is based at Chilton, Oxfordshire. There are also specialist radiation centres at 
Leeds and Glasgow. 


Contact PHE CRCE 


Chilton Chilton, Didcot, Oxfordshire OX11 ORQ, T: +44 (0)1235 83160 
Leeds Oak Park Lane, Cookridge, Leeds LS16 6RW, T: +44 (0)118 267 9041 
Glasgow 155 Hardgate Road, Glasgow G51 4LS, T: +44 (0)141 440 2201 


© Crown copyright 2013 PHE publications gateway number: 2013-235 
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UK Recovery Handbook for 
Radiation Incidents: 


Inhabited Areas 


A Nisbet, J Brown, H Rochford, T Cabianca and 
A Jones 


VERSION 3 


HPA-RPD-064: Part 2 


UK Recovery Handbooks for Radiation Incidents 2009 
Handbook for Inhabited Areas 


Version 3 


A Nisbet, J Brown, H Rochford, T Cabianca and A Jones 


ABSTRACT 


The handbook for assisting in the management of contaminated inhabited areas 


following a radiological incident has been developed as a result of a series of UK and 
European initiatives that started in the early 1990s. It is aimed at national and local 
authorities, central government departments and agencies, radiation protection experts, 
emergency services, industry and others who may be affected. 


The handbook includes management options for application in the early and medium to 
longer term phases of an incident. Sources of contamination considered in the 
handbook include nuclear accidents and radiological dispersion devices. The handbook 
is divided into several sections which provide supporting scientific and technical 
information; an analysis of the factors influencing recovery; compendia of 
comprehensive, state-of-the-art datasheets for more than 50 management options; and 
guidance on planning in advance. A decision-aiding framework comprising colour coded 
selection tables for each of the main surfaces found in an inhabited area, look-up tables 
to assist in the elimination of options and several worked examples are also included. 


The handbook can be used as a preparatory tool, under non-crisis conditions, to 
engage stakeholders and to develop local and regional plans. The handbook can also 
be applied as part of the decision-aiding process to develop a recovery strategy 
following an incident. In addition, the handbook is useful for training purposes and 
during emergency exercises. The handbook for inhabited areas complements the other 
two handbooks for food production systems and drinking water. 
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Table 1.1 Predominant emissions and half-life for each radionuclide considered in the Inhabited Areas 


Handbook 
Radionuclide 


Symbol 


8069 


Se 


2351) 


oid 7 
29D 


241 Am 


Notes: 


Name 
Cobalt-60 


Selenium-75 
Strontium-90 + 
Yttrium-90 


Zirconium-95 


Molybdenum-99 
+ 


Technetium-99m 
Ruthenium-103 


Ruthenium-106 + 
Rhodium-106 
Tellurium-132 
lodine-131 
Caesium-134 
Caesium-136 
Caesium-137 + 
Barium-137m 
Barium-140 
Cerium-144 
Ytterbium-169 
lridium-192 
Radium-226 
Uranium-235 
Plutonium-238 


Plutonium-239 


Americium-241 


Alpha 
(MeV) 


4.78 (95%) 


4.60 (6%) 


4.40 (57% 
4.37 (18% 


(9 
( 
(57%) 
(18%) 
5.50 (72%) 
5.46 (28%) 
5.16 (88%) 
5.11 (11%) 
(85%) 
(13%) 


5.49 (85% 


5.44 (13% 


Beta (MeV) 


1.48 (0.1%) 
0.31 (99%+) 


0.546 
2ont 


0.89 (2%) 
0.396 


1.23 


0.70 (3%) 
0.21 


3.54 
0.22 
0.606 
0.662 
0.341 


0.657 


1.176 (7%) 
0.514 


1.02 


0.318 
0.238 


0.67 
3.3 


0.3 


Gamma 
(KeV) 


1173 (100%) 
1332 (100%) 


265 (60%) 
136 (57%) 


724 (49%) 
756 (49%) 


740 (12%) 
81 (7%) 


497 (88%) 
610 (6%) 
( 


512 (21 %) 
622 (11%) 


53 (17%) 
230 (90%) 


364 (82%) 
637 (6.8%) 


( 

(6 
796 (99%) 
605 (98%) 


819 (100 %) 
1048 (80%) 


662 (85%) 


438 (5%) 
537 (34%) 


133.5 (100%) 


63(45%) 
198 (35%) 
317 (81%) 
468 (49%) 
186 (4%) 
260 (0.007%) 
185 (54%) 
143 (11%) 
99 (0.008%) 
150 (0.001%) 
52 (0.02%) 
129 (0.005%) 
60 (36%) 
101 (0.04%) 


Dominant 
radiation 


type 
Gamma 
Gamma 
Beta 


Gamma 


Gamma 


Gamma 
Gamma 
Gamma 
Gamma 
Gamma 
Gamma 
Gamma 
Gamma 
Gamma 
Gamma 
Gamma 
Alpha 
Alpha/ 
Gamma* 
Alpha 
Alpha 


Alpha/ 
Gamma* 


Radioactive 
half-life 
Daf ¥ 

119.8 d 
29.12 y 


63.98 d 


66 h 


39.28 d 
368.2 d 
78.2d 
8.04 d 
2.062 y 
13.1d 

30 y 
12.74 d 
284.3 d 
32.01 d 
74.02 d 
1.6 10° y 
7.04 10° y 
87.74 y 
2.410’ y 


432.2 y 


*: For these radionuclides inhalation doses from resuspended material are mainly due to the alpha radiation emitted, but if the 
contamination is fixed to surfaces and not available for resuspension, only external exposure to gamma radiation contributes to the 


dose 
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Figure A1 Range of beta particles in air as a function of beta energy 


Range of beta particles in air 


Range (cm) 
ol 
je) 
=) 
je) 
je) 


400.00 + 
300.00 + 
200.00 + 
100.00 + 
0.00 oT T T T T T 
0 0.5 1 15 2 25 
Energy (MeV) 


Version 3 


APPENDIX A 


Figure A3 Range of beta particles in materials likely to be used for shielding in inhabited areas 


as a function of maximum beta energy 


Range of beta particles in various material 
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A4 GAMMA EMITTING RADIONUCLIDES 


Gamma rays are attenuated by the material they pass through but they do not have a 
defined range. 


The attenuation of a narrow beam of gamma or X-rays is given by: 
l=Ibe" 


where I is the fluence rate after passing through a thickness t (cm), lo is the initial 
fluence rate and u is the linear attenuation coefficient of the attenuating medium (cm’’). 
In the case of broad or uncollimated beams, build-up can occur due to scattered 
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photons still reaching the target which causes the attenuation to be less rapid than 
indicated in the above equation. 


Materials with high atomic number and high density, such as lead, provide the best 
shields for gamma and X-rays, although these are unlikely to be practicable for shielding 
within contaminated inhabited areas. 


The greater the density of a material the smaller the thickness needed to decrease the 
gamma ray intensity to a specified extent. This means that the mass of materials 
needed to decrease the intensity of the radiation by a certain amount is very nearly the 
same irrespective of the material. Two quantities are normally used to specify the 
thickness: the half value thickness and the tenth value thickness which are the 
thicknesses of a material required to reduce the gamma ray intensity by a factor of two 
or by a factor of ten, expressed by: 


Half value thickness (cm) = oOo 


L 
2 
Tenth value thickness (cm) = —— 


Where wp is the linear attenuation coefficient in the shielding material for the gamma 
energy of concern (cm’’). 


Table A6 gives linear attenuation coefficients in air as a function of gamma energy. 
Linear attenuation coefficients for other materials can be estimated using the 
assumption that the linear attenuation coefficient is approximately proportional to the 
density of the material. This assumption holds for gamma energies in the range of 
about 0.05 — 5.0 MeV for most of the materials that are considered as shielding 
materials in Section A3. For materials, such as lead, that have a high atomic number, 
this approach would not be appropriate. However, linear attenuation coefficients are 
readily available for lead and are given in Table A/ for a range of gamma energies 
(Kaplan, 1979). 


For other shielding materials of relevance for use in recovery options in inhabited areas, 
the linear attenuation coefficient for the material of interest can be estimated in the 
following way: 


P material 
material = Mair 


where p is the linear attenuation coefficient in material (cm’'), pai is the linear 
attenuation coefficient in air (cm”') Pmateria is the density of material (kg m™) and Pair is 
the density of air (1.293 kg m”). 


For example, if the radionuclide in the contamination has a gamma energy of 1MeV and 
the material to be used is soil (1500 kg m*®) the linear attenuation coefficient for soil can 
be calculated to be 


_, 1500 kg m* 


1.293kgm> am 


jig =8.2310" cm 
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Assuming a thickness of soil of 10 cm is used, the intensity of gamma irradiation with 
soil shielding is 0.39 Ip where Ig is the intensity of gamma irradiation with no shielding. 
This means that 10 cm of soil reduce the intensity of the gamma irradiation from the 
radionuclide to about 40% of that with no shielding in place. 


The half value thickness for the radionuclide can be estimated to be about 7 cm of soil, 
i.e. a thickness of 7 cm reduces the intensity by a half. The tenth value thickness for the 
radionuclide can be estimated to be about 24 cm, i.e. a thickness of 24 cm reduces the 
intensity to a tenth. 


Table A6 Linear attenuation coefficients for gamma rays in air 


Gamma energy, (MeV) Linear attenuation coefficient (cm’') 
0.1 1.99 10% 
0.2 1.60 10% 
0.3 1.38 10% 
0.5 143 10" 
0.6 1.04 10% 
0.8 9.15 10° 
1.0 8.23 10° 
2.0 5.75 10° 
3.0 4.63 10° 
5.0 3.56 10° 
10.0 2.64 10° 
Note: 


* The attenuation coefficients are calculated assuming that air consists of 78% nitrogen, 21% 
oxygen and 1% argon and has a density of 1.293 kg m™. 


Table A7 Linear attenuation coefficients for lead 


Gamma energy, (MeV) Linear attenuation coefficient,( cm’') ; 
0.1 60 
0.2 10 
0.3 3.8. 
0.5 1.6 
0.6 1.28 
0.8 0.95 
1.0 O.7f 
2.0 0.51 
3.0 0.46 
BO 0.49 
10.0 0,57 
Note: 


* Calculated assuming a density of lead of 1.134 10° kg m® 
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APPENDIX B 


B2 LOCATION AND OCCUPANCY FACTORS TO ESTIMATE DOSES 
TO PEOPLE INDOORS FROM DEPOSITION OUTDOORS 


People typically tend to stay indoors for about 80% to 95% of the time (Jenkins et al, 
1992; Andersson, 1996; Long et al, 2001; Kousa et al, 2002). During this time, they are 
shielded against radiation from outdoor contamination. The extent of this shielding 
depends on the characteristics of the specific buildings. The values in Table B1 and 
Table B2 therefore need to be modified using a location factor, which takes into account 
the shielding provided by the building in question. 


Table B3 shows typical location factors for areas with buildings with different 
characteristics, ranging from thin wooden walls to thick brick and concrete walls 
(Andersson, 2005). The location factors are given for ‘’Cs (representative of 
medium-high energy gamma emitters) shortly after deposition. These location factors 
can be used as default values for all the radionuclides considered in the Handbook. It 
should be noted, however, that the shielding offered by medium and high shielding 
buildings could be about twice as large for gamma-emitting radionuclides with energies 
around 300 keV compared to those with energies around 3 MeV (Meckbach et al, 
1988b). The location factor changes with time, since the natural removal and migration 
processes of contamination on different surfaces are different. However, for areas with 
relatively large unpaved ground areas, such as a garden, changes to the location factors 
over a period of 10 years are expected to be limited (within about 50 %) and can be 
ignored for the purposes of estimating doses. For urban centres with little or no unpaved 
ground, long-term doses estimated using time-invariable location factors in Table B3 are 
likely to be conservative. The presence of airborne contaminants inside buildings leads 
to deposition on interior surfaces of the building. These deposits will give rise to a dose 
contribution to persons staying in the buildings. The location factors given in Table B3 
take into account that some of the dose received come from contamination that was 
deposited indoors and that this dose is not affected substantially by the shielding offered 
by building walls. 


Table B3 Location factors for '*’Cs (662 keV) for buildings with different shielding properties 


Area type Location factor estimate 
Low shielding building 0.62 
Medium shielding building 0.14 
High shielding building 0.03 


Using the values given in Table B2 and Table B3, a simple estimate of external gamma 
dose from material deposited outdoors can be made using the : 


F 


outdoors ( outdoors 


+ LF x F 


indoors ) 


TD oe acts = Dep x Ext 
where Dext, gamma is the external gamma dose (Sv), Dep is the deposition on ground (Bq 
m”) Extoutdoors is the external gamma dose outdoors per unit deposition (Sv m? Bq’’), 
F outdoors ANA Findoors are the fractions of time spent outdoors and indoors respectively and 
LF is the location factor. 
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The function of the Tone Generator Unit is to provide a burst of 
oscillations at approximately 2kc/s for every pulse received at the IN a 
terminal and a negative-going square pulse (producing a click in the loud- 
speaker) for every pulse received at the IN #8 terminal. When the control 
switch on the front panel is switched to the a + 8 position, the unit 
produces one burst of oscillation for every « pulse and a negative-going 
square pulse for every « or f pulse. 


Efficiency 


Tis may be checked by placing alpha and beta sources of known 
strength in turn on the centre of the probe windows, making sure that the 
source is not masked by the grille, and taking readings on the ratemeter. 


The respective counts per sacond should be greater than:- 


0.0030 x (elpha source disintegrations per minute) (20% efficiency) 
0.01 x (heta source counts per minute) (30% efficiency) 
The sources usually used are:- 

Alpha :- Pue>? (ROC P.1.R.C.2) 

Beta:- sr? (ROC: Sw. B.C. 1. ) 


ACCURATE SETTING (all types of probe), 


Place the probe face in contact with a suit- 


able radioactive source; e.g, Am2*! alpha 


source, in the case of an alpha probe, 
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function switch set to the beta Position, 
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INTRODUCTION 


The instrument is particularly suited for use with the Dual Probe 
Type DP2 for the detection of alpha and beta contamination either separately 


or simultaneously. 


The detection of alpha and beta particles is indicated by two distinctive 
audio signals in the loudspeseker. 


DUAL PROBE TYPE DP2 


The probe is designed to provide simultaneous monitoring of alpha 
and beta contamination. Light scintillations due to a and 8B particles 
are prodused in the dual phosphor. 


. * DUAL PROBE TYPE DP2 
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__ PROTECTIVE 
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(ENCAPSULATED) FUNCTIONAL DIAGRAM OF THE PROBE 


The alpha particles are stopped in the gino sulphide layer, and 
light scintillations are produced within the layer. ‘These scointillations 
pass through the plastic phosphor layer which is transparent. 


The beta particles pass through the zinc sulphide layer with little 
loss of energy and produce light scintillations in the plastic phosphor layer. 
The amount of light a Pu??? alpha particle produces is approximately twelve 
times that of a Sr? ~ y” neta partiole. 


The alpha efficiency is not less than 20% and the beta efficiency is 
not less than 30% for thin Pu-’? ena sr” radioactive sources respectively. 
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This invention relates to radio activity contamination 
monitors. 

The object of the present invention is to provide a radio 
activity contamination monitor which is capable of pro- 
viding an indication of the presence and quantity of radio 
active particles of different forms emanating from selected 
contaminated areas for example benches and clothing. 

According to the present invention there is provided 
a radio activity contamination monitor adapted to respond 
to « and ¢ radiations and means for producing audibly 
distinguishable signals in response respectively to said 
e« and 6 radiations. 

According to one aspect of the present invention there 
is provided a radio activity monitor comprising -a detec- 
tor for producing electrical impulses of different ampli- 
tudes in response to atomic radiations of different masses, 
means for separating electrical impulses produced by 
radiation of one mass from electrical impulses produced 
by radiation of a different mass to obtain separate in- 
dications of the density of radiation in said different 
masses, 

In order that the present invention may be clearly 
understood and readily carried into effect one example of 
an embodiment of the invention will be described with 
reference to the accompanying drawings of which: 

FIGURE 1 illustrates mainly in block form the em- 
bodiment about to be described. 

FIGURE 2 illustrates the input circuit of the em- 
bodiment shown in FIGURE 1, 

FIGURE 3 illustrates a trigger circuit suitable for use 
in the embodiment shown in FIGURE 1, 

FIGURE 4 illustrates the anti-coincidence circuit suit- 
able for use in the embodiment shown in FIGURE 1, 

FIGURE 5 illustrates a tone generator circuit suitable 
for use in the embodiment shown in FIGURE 1 and 

FIGURE 6 illustrates a rate meter circuit suitable for 
use in the embodiment shown in FIGURE 1. 

Referring to FIGURE 1, the detecting probe for « 
and § radiations is represented by reference 1.. This 
probe is preferably of the dual phosphor scintillation 
counter type and produces output pulses corresponding 
to individual « and 8 particles which enter the sensitive 
region of the probe. In the present example of the in- 
vention the probe comprises a layer of zinc sulphide dis- 
posed in front of a thicker layer of plastic phosphor so 
that « particles having a much greater specific ionisation 
than the f particles are arrested in the zinc sulphide layer 
to produce light scintillations which are transmitted by the 
transparent plastic phosphor to be detected by the photo 
cathode of a photo multiplier. The g particles with low 
specific ionisation pass through the zine sulphide layer 
without substantial loss of energy and are arrested in the 
plastic phosphor where the loss of energy causes further 
light scintillations which are also detected by the photo 
cathode of the photo multiplier mentioned above. 

In the present embodiment of the invention, use is 
made of the fact that with the type of probe described 
above the electrical pulses corresponding to « particles 
are of substantially greater magnitude than pulses cor- 
responding to 6 particles. As will be appreciated here- 
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after, by transmitting signals derived from the probe 
along one channel without substantial attenuation and 
transmitting the same signals along another channel with 
a predetermined degree of attenuation, trigger circuits 
receiving the signals from each channel can be arranged 
to be triggered in the one case by pulses corresponding to 
a and 8 particles and in the other case only by « particles, 
Subtraction between the outputs of the said trigger cir- 
cuits enables pulses corresponding to « particles and p 
particles to be presented in separate channels. 

Signal pulses derived from the probe 1 are applied to 
the input terminal of an input circuit 2 which is ar- 
ranged to feed signals representing « and § particles to 
two trigger circuits 3 and 4, the signal applied to 4 being 
attenuated in the ratio 12:1 as compared with the signal 
applied to 3. The output signals derived from 3 and 4 
are applied to a switch unit which comprises six switches 
$1, S2, S3, S4, S5 and S6. Each of these switches has 
four fixed contacts and a further single contact movable 
to engage with one or other respectively of the four 
fixed contacts, the movable contacts being ganged together 
as indicated. The four movable contacts of S1 denoted . 
in FIGURE 1 by references a, b, c and the positions: 
of the other switches $2 to S6 corresponding to these con- 
tacts will also subsequently be referred to by these ref- 
erences. Thus the output from 3 is connected to contacts 
c and d of Si whereas the output of 4 is connected to 
the contact d of $3, c of S2 and via a resistor R to con- 
tacts a and b of Si. Fixed contacts a, b and d of S2 
are all earthed as is the fixed contact c of S3, the con- 
tacts a and b of S4 and the contacts b, c and d of S6. 

Associated with the switch unit is an anti-coincidence 
circuit 6, which provides the aforementioned subtraction 
between the signals derived from 3 and 4, a rate meter 
circuit 7, a tone circuit 8 which produces in a Joud- 
speaker 10 different sounds representing « and £ particles, 
an electrical meter 9 and a mechanical register 11. The 
circuits of blocks 2, 3, 4, 6, 7 and 8 are described in 
greater detail hereafter with reference to FIGURES 2, 3, 
4, 5 and 6. : 

The movable contact Si is connected to the input ter- 
minal A of the anti-coincidence circuit 6 and the movable 
contact of the switch 52 is connected to the input ter- 
minal B. The output terminal of 6 is connected to the 
terminal F of the rate meter circuit 7. Movable con- 
tacts of S3 and S4 are connected to the input terminals 
D and C of the tone generator circuit 8 one output ter- 
minal of which is connected direct to the loudspeaker 10 
and the other output terminal being connected to the 
fixed contact a of S6. The movable contacts of S5 and 
S6 are connected respectively to the meter 9 and the 
mechanical register 11. In addition to the above con- 
nections the terminal E of the rate meter circuit is con- 
nected to the fixed contacts a, b of S3 and c and d of 
S4, the output terminal G of the rate meter circuit being 
connected to the fixed contacts b, c and d of S5. 

Before operation of the arrangement of FIGURE 1 
is described in detail the circuits connected with certain 
of the blocks shown in FIGURE 1 will be further de- 
scribed. Thus the input circuit 2 is shown in FIGURE 2 
and comprises a potentiometer consisting of resistors 
12 and 13 and capacitors 14 and 15, across which the 
input pulses derived from the probe 1 are applied. These 
pulsese are also applied via a coupling capacitor 16 to © 
the base of a transistor T2. The junction of 12 and 
43 which is common to the junction of 14 and 15, is 
connected via a further coupling capacitor 17 to the: 
base of a further transistor Ti. The transistors T1 and 
T2 are connected to operate as emitter followers but by 
virtue of the step down effect of the potentiometer com- 
prising 13 and 14, the signal amplitude of pulses ap- 
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3 
plied to the base of T1 is attenuated relative to that of 
pulses applied to the base of T2. The outputs of Ti 
and T2 which, as shown, are derived from the emitters 
thereof, are applied to output terminals which are con- 
nected respectively to the identical trigger circuits 3 
and 4 shown in FIGURE 1. 

The trigger circuits 3 and 4 are adjusted to have 
triggering thresholds which are so chosen in relation to 
the attenuation produced by the potentiometer of the 
input circuit 2, that 3 is triggered in response to pulses 
representing « particles and # particles but owing to the 
said attenuation the circuit 4 is only triggered by the 
higher amplitude pulses, namely those corresponding to 
e particles. 

Referring to FIGURE 3, the trigger circuits 3 and 4 
each comprise three transistors T3, T4 and T5 of which 
the transistor T3 forms a biased emitter follower valve 
driving a conventional two state device formed by the 
transistors T4 and TS5, to produce a square wave at the 
collector electrode of T5. The signal applied to the 
base of T4 is derived from a movable contact at a po- 
tentiometer Pl which forms the emitter resistor for the 
transistor T3 so that the two state device may be trig- 
gered at a signal level which depends on the setting of 
this movable contact. The base of T5 is connected via 
a diode D1 to a point of zero reference potential to 
limit the amplitude of output pulses by holding the 
effective input signal to the base of TS below a prede- 
termined level. The bias at the transistor T3 for each 
of the trigger circuits 3 and 4 is adjusted by Pi to be 
substantially equal so that as aforementioned the cir- 
cuit A is triggered by pulses corresponding to « and 8 
particles whereas the circuit 4 is triggered only by pulses 
corresponding to « particles. 

The anti-coincidence circuit represented by block 6 in 
FIGURE 1 is illustrated in FIGURE 4. In FIGURE 4, 
the input terminal A is connected to the base electrode 
of a transistor T6 and the input terminal B is connected 
to the base electrode of a transistor T7, both transistors 
being connected to operate as emitter followers. The 
emitter electrode of T6 is thus connected to the base 
electrode of a further transistor T8, the emitter elec- 
trode of which is connected to the emitter electrode 
of T7. The collector electrode T8 is capactively cou- 
pled to the base electrode of a further transistor T9 
which operates as an emitter follower, the emitter elec- 
trode being connected to the output terminal which is 
directly connected to the input terminal F of the rate 
meter circuit 7 of FIGURE 1. By virtue of the con- 
nections between the base and emitter electrodes of T8 
and the emitter electrodes of emitter followers T6 and 
T7 it is arranged that the output signal derived from 
the collector electrode of T8 represents the difference 
between signals applied at the input terminals A and B. 
Again a diode is connected from the emitter electrode 
of T9 to a point of zero reference potential in order 
that the output pulses derived from T9 are limited and 
clearly defined. 

By virtue of the fact that the input circuit 2 pro- 
duces different degrees of attenuation in the signals which 
are applied to -trigger circuits 3 and 4 and since the 
pulses representing « particles are not truly rectangular 
but have sloping leading edges, there is a relative time 
delay between the triggering of circuits 3 and 4 corre- 
sponding to the same pulse derived from 1 and con- 
sequently the same time delay is endowed in the sig- 
nals appearing at A and B corresponding to « particles. 
In order that this delay may be compensated for and 
output pulses may be derived from the anti-coincidence 
circuit representing g particles when pulses representing 
« and 8 particles are applied to A and pulses represent- 
ing « particles only are applied to B, a capacitor C is 
connected between the emitter electrode and the base 
electrode of the transistor T6. 

The tone generator circuit 8 in FIGURE 1 is shown 
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A 
detail in FIGURE 5. Referring to FIGURE 5, the 
transistor Ti8 with the associated circuit components 
forms an oscillator, the frequency of which is so chosen 
in the audio range that short bursts of oscillations give 
the sensation of squeaks when applied to the loudspeaker 
10. The input terminal D of the circuit is connected 
to an intermediate point at a potentiometer connected 


_to the base of a transistor T13 which has an emitter 


connection common with the adjacent transistor T14. 
Transistors T13 and Ti4 form a monostable circuit in 
which T14 is normally conducting and the circuit con- 
nections are such that when Ti4 is conducting a further 
transistor T11 is biased into its normal conducting state. 
Oscillations generated in T10 are applied via Til to the 
output electrode which is connected to the loudspeaker. 
The emitter electrode of T11 is connected in common 
with the emitter electrode of a further transistor Ti2 
the base of which is coupled to the input terminal C of 
the circuit. Thus on application of negative pulses to 
the input terminal D the monostable circuit comprising 
T13 and T14 is switched to its unstable state and oscilla- 
tions are transmitted from T1i0 to the output terminal 
J for the duration of the period in which the mono- 
stable circuit remains in its unstable state. Further- 
more, on application of a negative pulse to the input 
terminal C the transistor T12 produces a corresponding 
pulse at the output terminal J. Thus negative input 
pulses at C give rise to clicks in the loudspeaker and 
negative input pulses at D give rise to squeaks in the 
loudspeaker. 

The rate meter circuit 7 is illustrated in detail in FIG- 
URE 6. In FIGURE 6 the two transistors T15 and T16 
comprise emitter follower amplifiers connected in series, 
input signals being applied to the input terminal F. The 
circuit has two output terminals, namely E and G, of 
which E is connected directly to the emitter T16 and 
G is connected via a parallel arrangement of three diode 
pump circuits to the emitter of 16. The said diode 
pump circuits comprise pairs of diodes D1 and D2, D3 
and D4 and D5 and D6 respectively, pairs of capacitors 
C1 and C2, C3 and C4 and C5 and C6 respectively and 
load resistors R1, R2 and R3. The purpose of the parallel 
diode pump circuits is to provide a D.C. output signal of 
substantial logarithmic form so that the meter 9 may be 
calibrated according to a logarithmic scale of representa- 
tion and thereby avoid the necessity to provide a range 
change switch. This is permissible since reading accuracy 
of the meter scale is required to be relatively high for 
low count rates of « and £ particles but can be rela- 
tively low for high count rates. The capacitors C1 and 
C3 and C5 may be termed feed capacitors and in the 
present example C1>C3>C5 and C2, C4 and C6 may be 
termed reservoir capacitors and are such that C2>C4>C6. 
The load resistors RI, R2 and R3 are all substantially 
equal. Considering the diode pump circuit comprising 
D1, D2 and R43, on application of negative pulses from 
the emitter of Ti¢, the feed capacitor determines the 
charge per pulse applied to Ci and the reservoir capacitor 
CZ which tends to charge up in a stepwise fashion via 
Di. At the same time, C2 tends to discharge via RI 
and the meter 9 when the meter is connected at the 
point G to form a part to earth. The current flowing 
via Ri and the meter is therefore proportional to the rate 
of application of pulses from Tis. The operation of 
all three diode pump circuits is the same, but since 
C2>C4>C6, the rate of fall of voltage across C2 is 
less than that for C4, which in turn is less than that for C6. 
Therefore for relatively low count rates the discharge 
current from C2 predominates the discharge currents 
from C4 and C6 being relatively insignificant whereas 
for relatively higher count rates the discharge given from 
C4 becomes of greater significance and for even higher 
count rates, the discharge current from C6 is of greater 
significance. The values of the capacitors in the diode 
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circuits are so chosen to give a logarithmic scale of count 
rate representation of the meter 9. 

Referring now to FIGURE 1, when the switch unit 
comprising S1, $2 . . . S6 is set to the position indicated 
in the drawing negative pulses corresponding to « par- 
ticles detected by the probe 1 are derived from the trig- 
ger circuit 4 and applied via resistor R and the movable 
contact of S1 to the terminal A of 6. The pulses which 
are derived from the output terminal of the anti-coin- 
cidence circuit therefore correspond to « particles and 
are applied to the terminal F of the rate meter circuit 
and after being amplified therein by transistors T15 and 
T16 these pulses are applied via the terminal E the mov- 
able contact of S3, 8, and the movable contact of S6 
to the input terminal of the mechanical register 11. The 
mechanical register comprises the electro-mechanical 
device of known form capable of counting up to say a 
maximum of 10 pulses per second and of registering 
the number counted. This facility enables the count rate 
for « particles to be recorded assuming that the rate 
is not more than 10 particles per second. 

In the position of the movable contacts of the switch 
in which the movable contacts engage fixed contacts 
b, again pulses corresponding to « particles are applied 
via the resistor R, the terminal A of the anti-concidence 
circuit 6, the rate meter circuit 7 and the movable 
contact of $3 to the tone generator circuit to give rise 
to squeaks in the loudspeaker 10. Furthermore, the 
output derived from the terminal G is applied via S5 
to the meter 9 which therefore gives an indication of 
the count rate for « particles sensed by 1. Since the 
movable contact $4 is earthed in the positions mentioned 
so far no clicks are produced at the loudspeaker with 
the switch in either of these positions. 

When the switch is set so that the movable contacts 
engage with the fixed contacts c, pulses corresponding to 
a particles and g particles detected by the probe 1 are 
applied via the trigger circuit 3 and the movable contact 
3 of S1 to the input terminal A of 6 and pulses corre- 
sponding to « particles only detected by the probe 1 
are applied via the movable contact of $2 to the input 
terminal B of 6. Consequently subtraction occurs in 6 
as described above and pulses appearing at the output 
terminal E of 7 are applied via the movable contact of 
$4 to the input terminal C of 8. In this case these 
pulses correspond to f particles and give rise to clicks in 
the loudspeaker 10. Terminal D in this case is earthed 
so that no squeaks are produced. Furthermore, the out- 
put derived from the terminal G of the rate meter cir- 
cuit is applied via the switch S5 to the meter 9 which 
therefore gives an indication of the count rate for p 
particles. 

When the movable contacts of the switch are set to 
engage with the fixed contacts d, the input terminal A 
of the anti-coincidence circuit receives pulses corre- 
sponding to w and 8 particles derived from the probe 1 
but the input terminal B of the anti-coincidence circuit 
is earthed. Output pulses derived from 6 therefore rep- 
resent « particles and g particles and a corresponding 
indication is produced at the meter 9. However, it will 
be noted that the output signal derived at the terminal 
E of the rate meter circuit is now applied via the mov- 
able contact of S4 to the input terminal C of the tone 
generator circuit and therefore gives rise to clicks in 
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the loudspeaker corresponding to « and £8 particles and 
since the output signal derived from 4 is applied directly 
via the movable contact of S3 to the input terminal D 
of 8, squeaks are produced in the loudspeaker correspond- 
ing to « particles. 

To summarise and referring to the switch positions as 
a, b, c and d as appropriate, position a gives mechanical 
registration in 11 of a particles and produces squeaks 
corresponding to « particles, position b gives squeaks cor- 
responding to a particles and a meter indication at 9, 
position ¢ gives clicks corresponding to 8 particles and 
the meter indication at 9, and finally, position d gives 
clicks corresponding to « and f particles, squeaks corre- 
sponding to « particles and a meter indication at 9 cor- 
responding to « and f particles. It will be appreciated, 
however, that a click appearing at the front edge of a 
squeak is lost to the ear so that those sounds which are 
actually heard with the switch in position d are such 
that squeaks correspond. to « particles and clicks corre- 
sponds to 6 particles. 

What we claim is: 

1. A radio-activity monitor comprising a radiation sen- 
sitive detector for producing pulses in one amplitude range 
in response to alpha radiations and for producing pulses 
in another amplitude range in response to beta radiations, 
means for producing a pulse in a first channel in response 
to pulses in both said amplitude ranges and for produc- 
ing a pulse in a second channel in response only to im- 
pulses in said one amplitude range, anti-coincidence cir- 
cuit having first and second input terminals and an output 
terminal, said anti-coincidence circuit being arranged to 
produce output pulses only in response to input pulses ap- 
plied to the first input terminal when no simultaneous 
pulse is applied to said second input terminal, a tone cir- 
cuit having first and second input terminals and an out- 
put terminal and arranged to a produce a pulse in response 
to a pulse applied to its first input terminal, and to pro- 
duce a burst of audio frequency oscillation in response 
to a pulse applied to its second input terminal, a sound 
transducer connected to the output terminal of said tone 
circuit, a switch having one condition in which said first 
and second channels are connected respectively to said 
first and second input channels of said anti-coincidence 
circuit and the output terminal of said anti-coincidence 
circuit is connected to one input terminal of said tone 
circuit, no signal being applied to the other input terminal 
of said tone circuit in said first condition of said switch, 
and said switch having a second condition in which said 
first and second channels are connected respectively to 
the first and second input terminals of said tone circuit. 

2. A radio-activity monitor according to claim 1, said 
switch having a third condition in which said second 
channel is connected to one terminal of said tone circuit, 
no signal being applied to the other terminal of said tone 
circuit. 


References Cited in the file of this patent 
UNITED STATES PATENTS 


2,716,523 Driver ccscc-eacwccece Aug. 30, 1955 
2,727,154 Goldsworthy ~..-..... Dec. 13, 1955 
2,822,479 Goldsworthy -..----.--... Feb. 4, 1958 
2,910,592 Armistead ~.-.-------. Oct. 27, 1959 
2,963,588 Wilson ~-~------ ne Dec. 6, 1960 


Alpha Scintillation Probes/Data 
Alpha Probe Data 
Alpha efficiency is expressed as a percentage of the 2n flux of a certified reference source. 


Order Code 


A50L 

AC-3-7, AC-3-8 
AP2/4A 
AP2R/4A 
AP4/4A 
AP5AD 
AP5RA 

AP6A 

HP-380 A 


AS50L 


Zns scintilla- 
tion probe 

offers excellent 
alpha responses, 
a low mechanical 
profile and a conve- 

niently angled grip. Easily- 
repaired windows are provided with 
protective covers for storage. 
Uniformity is within +10% over the 
whole phosphor surface. 


AC-3-7 and AC-3-8 
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Alpha 
% probe 
with a 
ZnS phos- 
phor used for 
survey and frisk- 
ing in a lightweight cast 
aluminum body. The radia- 

tion window is 0.50 mg/cm? thick, 
made of aluminized mylar. The AC-3-8 
is fitted with a mesh grille. This probe 
can be matched with Thermo's 
portable survey meters, such as the 


Radiation Window Efficiency Background Weight 
Area (cm?) Shape _ Isotope (Mev) (% surface s* cmp (kg) (Ib) 
emission) 
62 rect. 230Th (4.682) >50% 0.6 eS 
59 rect: 0.6 14 
50 square 241Am (5.486) 35% 0.1 O75 Le 
50 square 241Am (5.486) 25% 0.1 0.75 17 
20 disc 241Am (5.486) 35% 0.1 0.60 135 
100 rect. 241Am (5.486) 35% (0.1 0.50 ia 
100 rect. 241Am (5.486) 23% 0.1 0.50 iba 
600 rect. 241Am (5.486) 30% 0.1 155 35) 
100 rect. 239Pu (5.1 MeV) 42% O01 <10 £0.59 137 
» This 50cm? The A5OL is used for general purpose 


alpha monitoring. This probe can be 

matched withThermo's portable sur- 

vey meters, such as the ASP-2, E-600, 

RM-25, or Electra/Delta series. See 

also AC-3. 

e Light weight, low profile, angled grip 

e Large radiation window, hex-mesh 
grills, protective storage covers 

* Connector, MHV 

° Uniformity within +10% over the 
whole phosphor surface 

° 50 cm? active area 


ASP-2, E-600, RM-25, or Electra/Delta 
series. 
* Operating voltage: 1,000 V nominal 
* Dead time: 12 us nominal 
Alpha efficiency (4): 14% *Pu 
* Operating temp: -30 °C to 60 °C 
(-22 °F to 140 °F) 
* Connector, CJ -1 
° Size: 29.2 x 70 x 8.3cm 
(1L5” x 2.75" x 3.25”) 
¢ 50 cm? window area 


Alpha Scintillation Probes 


AP2 Family 
This ergo- * Excellent gamma rejection 
nomically * AP2/4A and AP2R/4A use a PET con- 
shaped nector; AP2/4B and AP2R/4B use a 
probe with 50 MHV connector 
cm? window is suitable -*Am Calibration source, RRS21A 
for general purpose alpha —* Endura Phosphor version also avail- 
contamination monitoring able 
with excellent gamma rejection. The * 50 cm? window 
AP2R/4A is a version fitted with a 
rugged 3 mm mesh grill. 
General purpose alpha probes con- 
taining a ZnS phosphor and PMT ina 
light alloy housing. The radiation win- 
dow is conveniently angled for self 
monitoring of clothing. AP2R/4A is fit- 
ted with a rugged 3 mm mesh grille. 
This probe can be matched with 
Thermo's portable survey meters, 
such as the Electra/Delta series, 
ASP-2, E-600, RM-25. 
AP4 Family 


A ZnS based alpha probe with circular counting 
window, used with wall-mounted applications 
friskers, the 710C Lead Castle and in ° AP4/4A use a 
glove-box areas. The circular radiation PET connec- 
window is matched to 2 inch alpha tor 

wipes. This probe can be matched * 20 cm? window 
withThermo's portable survey meters, 

such as the Electra/Delta series, 

ASP-2, E-600, RM-25. 


© Circular window matched to 5 cm (2”) 
alpha wipes 
+ AP4/4<A fits 710C Lead Castle for 


Alpha Scintillation Probes 


AP5 Family 


AP6 Family 
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This hand- 
held ZnS 
probe with 100 
cm? window, high 
transmission hex- 
grill and slim, wedge- 
shaped profile is popular 

for monitoring workplaces, benches, 
personnel and tools. The AP5RA ver- 
sion has a ruggedized hex-grill. Note: 
the thin radiation windows are field- 
replaceable. 


This probe can be matched with 
Thermo's portable survey meters, 
such as the Electra/Delta series, 
ASP-2, E-600, RM-25. 

See also HP-380A 


* High transmission rectangular hex- 
grille 

*Slim, light weight, wedge shaped 
profile 

* AP5RA version has a ruggedized 
hex-grille 

+ Field-replaceable radiation windows 

*AP5AD and AP5RA use a PET connector 


With a 600 cm? win- 
dow but weighing 
only 15 kg (3.3 Ib), 
the AP6A ZnS 
scintillation 

probe pro- 
vides fast 
monitoring of 
large surfaces, walls 
and floors. It has a higher efficiency 
than air proportional counters and is 
more practical than gas-flow counters 
(no counting gas required). 


APSA Plateau 
1000 T + Americivm - 241 
sae | i * Background 
600 T 
Po 
400 1 | 
200 mi 
0 


400 500 600 700 800 900 1000 1100 
High voltage (volts) 
*AP5BD uses a MHV connector 
* Calibration source, RRS 51A 
«Endura Phosphor versions also avail- 
able (AP5AD/E or AP5BD/E). The 
Endura is a more resilient detector 
material which does not require a 
separate aluminized (Mylar) window. 
* 100 cm? window 


This probe can be matched with 
Thermo's portable survey meters, such 
as the Electra/Delta series, ASP-2, 
E-600, RM-25. 


+600 cm? window 

* Weight, only 155 kg (3.5 Ib) 

+ AP6A uses a PET connector; AP6B 
uses an MHV connector 

-*4Am Calibration Source, RRH 11B 


Alpha Scintillation Probes 


This highly mobile, lightweight moni- 
tor includes a ruggedized 600 cm? 
scintillation probe and a DELTAS 
ratemeter. The FLM 3 range is ideal for 
rapid, sensitive floor monitoring. It 
includes background subtract and 
alarm settings for extra sensitivity, 
and integrate mode for confirmatory 
counting in marginal situations. Steel 
roller balls suitable for smooth floors 
are fitted as standard. The AEO119A 
Wheel Kit, for rough surfaces and out- 
door use, offers a smooth ride with 
castor action and ground clearance 
adjustable up to 5 cm (2”). 


Alpha and beta efficiencies are 
expressed as a percentage of the 2x 
flux of a certified reference 

source. Gamma efficiency is 
measured in a “Cs field. 


h These hand 
probes are 
i general pur- 
— pose survey 
and frisking 


probes with excellent sensitivity to 
alpha with minimum interference 
from gamma backgrounds. The probe 
design is constructed from lightweight 
aluminum which promotes rugged- 
ness and ergonomic handling. This 
probe can be matched withThermo's 
portable survey meters, such as the 
ASP-2, E-600, RM-25 or Electra/Delta 
series. 

See also the AP-5 family. 


FLP3A, FLM3A, Delta-5 


FLP3A utilizes 

the same ‘ 

600 cm? Ranges: 
detector 4 0.1-60,000 cps 
used in the or 1-1,000,000 
AP6 above. 

Mounted in a 


wheeled assem- 

bly to enable effective alpha floor 
monitoring. The FLM3A is the FLP3A 
combined with a Delta-5 ratemeter as 
seen in picture. 


HP-380A 


* Operating voltage: 600 V nominal 

*Window thickness: 3 layers of 0.29 
mg/cm? (0.87 mg/cm?) 

Alpha efficiency (4x): 21%™*Pu 

* Operating temp: -40 °C to 60 °C 
(-40 °F to 140 °F) 

«Connector, MHYV, also available with 
Thermo Smart connector as the 
SHP380A 

* Size: 28.6 x 7 x 8.3. cm 
(1125” x 2.75" x 3.25”) 

* 100 cm? surface area 


a7) 


Alpha-Beta Scintillation Probes/Data 


Alpha-Beta Probe Data 
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Order Window __ Efficiencies (% surface emission) 
Code Area Shape Alpha Beta 
(cm?) Sa AIT eli Coaun CO Mmmarle ary 
DP2/4A 50 square 35% 29% 34% 
DP2R/4A 50 square 25% 7% 21% 24% 
DP6AD 100 rect. 33% — 18% 38% 41% 
DP6CD 100 rect. 30% — 14% 30% 31% 
DP6DD 100 rect. 39% — 20% 38% 40% 
DP8A 600 rect. 28% — 12% 31% 36% 
HP-380AB 100 rect. 36% 18% 44% 
DP2 Family 
A well-established general purpose 
dual phosphor (ZnS/ BC400) probe 
which responds to alpha, medium and 
high energy beta and gamma. 
Compact, reasonably robust and 
ergonomic, users include nuclear 
sites, survey, environmental and gov- 
ernment radiation laboratories, emer- 
gency services and the petrochemical 
industry. The DP2R/4A version has a 
rugged 3 mm mesh grill for longer life 
of the thin aluminized window. 
This probe can be matched with 
Thermo's portable survey meters, 
such as the Electra/Delta series, 
ASP-2, E-600, or RM-25. 
HP-380AB 


These hand probes are dual phosphor 
(ZnS/NE102) general purpose 
survey and frisking probes 
with excellent sensitivity 
to alpha and beta with 
ty Pee fe 
- minimum interference 
— from gamma back- 
grounds. The probe design is con- 
structed from lightweight aluminum 
which promotes ruggedness and 
ergonomic handling. This probe can 
be matched withThermo's portable 
survey meters, such as the ASP-2, 
E-600, RM-25 or Electra/Delta series. 
See also DP-6 Family. 


Background "Cs (y)Response Weight 


s* cpm st cpm (kg) (Ib) 
(per (per 
uSv/h) 100 pR/h) 

A <240 25 1500 0.75 17 
A 240 25 1500 0.75 17 
<l0 <600 50 3000 05 11 
<lo <600 50 3000 05 11 
<l0 <600 40 2400 O05 11 
<30 <1800 180 10,800 155 3.5 
<l0 <600 50 3000 0.59 137 


» Compact, rea- 
sonably 
robust, 
ergonomic 

«Rugged 3 
mm mesh 
grille version, 

DP2R/4A 

*DP2/4A, DP2R/4A use a PET connec- 
tor; DP2/4B, DP2R/4B use an MHV 
connector; IDP2/4B, IDP2R/4B are 
the intelligent version for use only 
with the Selectra 

°Am alpha calibration source: 

RRS 21A 
**Cl beta calibration source: RRS 24A 


° Operating voltage: 600 V nominal 

eWindow thickness: 3 layers of 0.29 
mg/cm? (0.87 mg/cm?) 

° Efficiency (4x): Alpha: 18% **Pu 

° Operating temp: -40 °C to 60 9C 
(-40 9F to 140 °F) 

° Connector: MHV, also available with 
Thermo Smart connector as the 
SHP 380 AB 

© Size: 28.6 x 7 x 8.3. cm (1L25” x 2.75” 
x 3.25") 


These large, 100 
) cm’, dual phosphor 
(ZnS/BC400) scin- 
tillation probes are 
popular for monitoring 
personnel, tools and work 
areas for alpha and beta with effi- 
cient discrimination. The lightweight, slim, 
wedge profile, durable hex grill and field 
replaceable windows provide practical advan- 
tages: high availability and faster surveys. The 
R version is fitted with a more rugged hex grill 
which reduces the efficiency figures by a factor 
of 0.65. 


*PET DPGAD — A\. alloy die-cast housing fit- 
ted with a PET connector 

*MHV DP6BD ~— Al. alloy die-cast housing, 
MHV connector 

*MHV DP6DD - An enhanced design with a 
more uniform beta energy response and 
slightly lower background response than oth- 
ers. The radiation window consists of two 
layers of 0.3 mg/cm? polycarbonate and the 
grill is supported by an extra frame reinforce- 
ment bar. 

* MHV DP6CD - AI. alloy die-cast housing, 
MHV connector. The signal gain control is 
adjusted to simulate GM detectors requiring 
+900 volts. This allows user sites to upgrade 
their probes without setup penalties and 
without needing to replace their ratemeter. 


Alpha-Beta S 


DP6 Family 


DP6CD versions are customized to user’s pre- 
ferred ratemeter. Further details on request. 


This probe can be matched with Thermo's 

portable survey meters, such as the 

Electra/Delta series, ASP-2, E-600, or RM-25. 

See also HP-380AB. 

* Light weight, slim, wedge profile 

* Durable hex grille and field replaceable win- 
dows provide high reliability 

*DP6R range: fitted with extra-rugged hex grille 

*DP6AD, DP6RA uses a PET connector 

*DP6BD, DP6RB uses an MHV connector 

* IDP6B is the intelligent version used only 
with the Selectra 


The DP6CD and DP6RC probes feature signal 
gain adjustment to permit operation with 
ratemeters whose HV supply is fixed at 900 V. 
Users can upgrade from a GM probe to these 
probes without having to replace their ratemeter, 
for example the Surveyor 2000. 


The DP6DD is a premium performer with extra- 

reinforced window frame, a thinner 0.5 um 

phosphor and thinner coating of ZnS to better 

measure lower energy beta emitters. 

«Connector: MHV 

* Calibration sources “Am alpha, code RRS “A, 
*C| beta, code RRS 54A, *Sr/°Y beta, code 
RRS 55A 


DP8 Family 


The largest dual phosphor probe cur- 
rently available. Its 600 cm? window 
offers large savings in time when 
monitoring areas such as walls, floors 
and flat objects. It weighs only L5 kg 
(3.3 Ib). 


This probe can be matched with 

Thermo's portable survey meters, 

such as the Electra/Delta series, 

ASP-2, E-600, or RM-25. 

* High sensitivity to distributed con- 
tamination 

* Durable, light weight, only L5 kg 
(3.3 Ib) 

*DP8A uses a PET connector; DP8B 
uses an MHV connector 


Am alpha 
calibration 
source, RRH 
1B 

**Cl beta calibra- 
tion source, RRH 
143. 


J 


700 800 900 1000 1100 1200 1300 1400 
High voltoge (volts) 
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Beta Scintillation Probes/Data 


Beta Sc ation Probe Data 
Order Window Efficiency (% Surface emission) Background "Cs ()) Response Weight 
Code Area Shape Beta ce cpm. ise cpm (kg) (Ib) 
(cm?) 4c  —-®Co *C1l “Sry (per (per 
uSv/h) 100 pR/h) 
BP1/4A 136 disc = 58%  <LO 30 1800 


BP4/4A 20 disc 24% 36% 44% 46% <4 <240 25 41500 
BP4/4B 20 disc 15% 25% 32% 34% <A 240 «25 1500 
BP4/4C 20 disc U% 21% 25% 27% <A 240 25 1500 
BP7/4A 50 square 18% 27% 39% 41% <A <240 12 7200s omelet 
BP13A 80 annular — 9% 15% 16% <I <A80 60 4200 0875 2 
BP17A 600 rect. = 19% 36% 42% <0 <1800 250 15,000 155 3.5 


BP1I9AD 100 rect. 14% 32% 49% 51% <10 <600 50 3000 O05 11 
BP19DD 100 rect. 21% 34% 48% 51% <8 <«€80 40 2400 05 11 
3000 059 137 


HP-380B 100 rect. 28% 52% <0 <600 50 


BP4 Family 


A scintillation beta probe with high 
sensitivity to low, medium and high- 
energy beta radiation. The BP4 Family 
has the highest efficiency to “C. Extra 
window protection is obtained by 
increasing the window/grill spacing. 
This probe can be matched with 
Thermo's portable survey meters, 
such as the Electra/Delta series, 
ASP-2, E-600, or RM-25. 


* Choice 
of spacings, win- 
dow-grille: BP4/4A, 3 
mm (0.12”); BP4/4B, 6 
mm (0.24”); BP4/4C, 9 mm (0.35”) 

*BP4A uses a PET connector; BP4B 
uses an MHV connector; IBP4B is the 
intelligent version used only with the 
Selectra 

* Beta calibration sources: “C beta 
RRS 12A, *Cl beta RRS 14A. 


* Circular radiation window suits 5 cm 
(2”) filter paper wipes 

* Matched to 710C Lead Castle for 
counting beta 


BP7 Family 


4) Large This probe can be matched with 
area Thermo's portable survey meters, such 

“= scintilla- as the Electra/Delta series, ASP-2, 

tion E-600, or RM-25. 
probe with an 
anthracene phos- 

phor for general pur- 
pose monitoring of low, 


«Premium beta over gamma response 
suits high background applications 


¢ 45° angled radiation window 
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medium and high-energy 
beta, with a 50 cm? window angled at 
45 degrees to the probe axis. The low 
response to gammas can be an impor- 
tant consideration in high background 
applications. The BP20A is a version fit- 
ted with an NE 102A equivalent plastic 
phosphor. 


*BP7A uses a PET connector; BP7 uses 
an MHV connector; IBP17B is the 
intelligent version used only with the 
Selectra 

«Calibration sources: “C beta RRS 22A, 
*C| beta RRS 24A. 


Beta S 


BP13 Family 


The BP13A is a robust, side-window 
scintillation probe with a cylindrical 
plastic phosphor and strong convex 
grille, for low/medium and high-ener- 
gy beta for on-plant survey work 
where hot particles may pose a haz- 


ard. 

The plastic scintillator is curved to «Wide-angle response—see graph 
monitor particles trapped at floor/wall —* Higher sensitivity than side-window 
angles effectively and the window is GM probes 

very thin. The response is sustained at * Extra effective for edges, corners 

a considerable distances from the and returns 

probe so that hot spots or ‘fleas’ are *BP13A uses a PET connector; BP13B 
detectable without risk of contact to uses an MHV connector; IB13B is the 
the user. The “Co efficiency is greater intelligent version used only with the 
than many side-window GM probes. Selectra 


+ Calibration source, *Cl beta RRS 64A 
Robust, side-window This probe can 
be matched withThermo's portable 
survey meters, such as the 
Electra/Delta series, ASP-2, E-600, or 


RM-25. 
BP13A Response 
100% | 
c 
Foy 20% 
2 c 
DB 5% 
3 E 
= 1% 
Zon 
s 
‘o 
« poi i 


1 
-60 -40 -20 OQ +20 +40 +60 
Distance of source from probe axis, cm. 
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Beta Scintillation Probes 
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BP17 Family 


BP19 Family 


HP-380B 


A very large light- 
weight probe with 
good beta efficien- 
cy at “Co ener- 
gies, the 600 cm? 
radiation win- 
dow enables fast 
and thorough beta 
monitoring of large, flat 


surfaces. 

This probe can be matched with 
Thermo's portable survey meters, 
such as the Electra/Delta series, 
ASP-2, E-600, or RM-25. 


»_ These slim- 
profile 
probes with 
light alloy 
diecast hous- 
ings and 100 cm? 
radiation windows are 
replacements for the BP6, 
weighing less, and mechanically 
stronger, with a new design of light 
seal. The BP18AD has a greater low 
energy beta efficiency and less 
response to background than the 
DP6. The BP19AD is a premium type 
with improved background and low 
energy beta efficiency specifications. 


These large scintillation probes with a 


These hand probes are 
‘ general purpose 
survey and 
= » / frisking 
— probes with 
excellent sensi- 
tivity to beta with minimum interfer- 
ence from gamma backgrounds. The 
probe design is constructed from light- 
weight aluminum which promotes 
ruggedness and ergonomic handling. 
This probe can be matched with 
Thermo's portable survey meters, such 
as the ASP-2, E-600, RM-25, or 
Electra/Delta series. 
See also DP-6 Family. 


° Good efficiency to °Co beta and 
higher beta energies 

°Very sensitive to large area, low-level 
emission 

*Weight only 15 kg (3.3 Ib) 

*BP17A uses a PET connector; BP17B 
uses an MHV connector 

* Calibration source, *CI beta RRH 14B 


BC400 plastic phosphor in a light alloy 
diecast housing are ideal for general 
purpose and large area monitoring for 
low, medium and high-energy beta. 
The BP19DD is a thin window version 
offering better “C beta efficiency. This 
probe can be matched withThermo's 
portable survey meters, such as the 
Electra/Delta series, ASP-2, E-600, or 
RM-25. See also HP-380B. 


*Slim profile, low weight 

* Connector: PET. MHV available 

*BP19 Calibration sources: “C beta 
RRS 52A; *Cl beta RRS 54A 

«Endura Phosphor BP19 BD/E version 
also available 


° Detector Type: NE 102 plastic 
scintillator 

* Operating Voltage: 600 V nominal 

eWindow Thickness: 3 layers of 0.29 
mg/cm? (0.87 mg/cm?) 

* Operating Temp: -40 °C to 60 °C 
(-40 9F to 140 °F) 

° Connector: MHV, also available with 
Thermo Smart connector 

°Size: 28.6Lx 7Wx8.3Hcm 
(1L.25” x 2.75” x 3.25” H) 


Beta Scintillation Probes 


FLP3B and FLM3B 


FLP3B utilizes the same 600 cm? 
detector used in the BP17. Mounted in 
a wheeled assembly to enable effec- 
tive alpha floor monitoring. The 
FLM3B is the FLP3B combined with a 
Delta-5 ratemeter as seen in picture. A 
Separate data sheet is available for 
the FLM-3 Series. 


Gamma Scintillation Probes/Data 


Gamma Scintillation Probe Data 


Model Application Sensing Element Sensitivity Energy 

Element Size (cpm/mR/h) Range 

(Dia. x thick) 
LEG-1 >| Measurements Nal(T1) 1” x 0.04” 60 15-200 keV 
PG-2 229Pu, 241 Am, X-ray Nal(T1) IED AGN A 60,000 10-200 keV 
SPA-3 High sensitivity gamma Nal(T1) TE) a Se 1,200,000 60 keV-2 MeV 
SPA-6 Medium sensitivity gamma Plastic 50mm x 60 mm 600,000 40 keV-13 MeV 
SPA-8 Moderate sensitivity gamma Nal(T1) Decal be 300,000 40 keV-13 MeV 
SPA-9 Medium sensitivity gamma Nal(T1) 2 X005" 400,000 40 keV-13 MeV 
LEG-1 


This is a gamma scintillation probe for 
detection of low-energy gamma and x- 
rays, optimized for I, housed ina 
lightweight aluminum body. This probe (Cs) 
can be matched withThermo's portable °Energy Response/Photon: 95% | 
Survey meters, such as the ASP-2, E- e Operating temp: -30 °C to 60 2C 
600, RM-25 or Electra/Delta series. (-22 9F to 140 °F) 

e Connector: CJ -1 


e Detector type: 1" dia x 0.04" thick Nal e Size: 4.2 dia. x 20.1 cm 


«Window: 75.4 mg/cm? aluminum (1.65” dia. x 79”) 
window «Weight: 340 g (12 oz) 
e Sensitive area: 5.1cm2(0.79 inch?) ¢ Consider as an alternate to the G1LE 


e Operating voltage: 1,000 V nominal 
e Dead time: 8 Us nominal 
e Background sensitivity: 60 com/mR/h 


Zz 


Gamma Scintillation Probes 
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PG-2 


SPA-3 


SPA-6 


4 This is a large-area 
rugged scintillation detec- 
tor with an aluminum 
body and a thin window 
for application in the 
detection of low energy 

“gamma or x-ray radiation. 
This probe can be 
matched withThermo's portable survey 

meters, such as the ASP-2, E-600, 

RM-25 or Electra/Delta series. 


A scintillation probe that is a rugged, 
aluminum bodied, waterproof gamma 
detector designed for high sensitivity 
of pulse-height applications. This 
probe can be matched withThermo's 
portable survey meters, such as the 
ASP-2, E-600, RM-25 or Electra/Delta 
series. 

* Detector type: 2" dia x 2" thick Nal 

* Operating Voltage: 1,000 V nominal 


This scintillation probe 
is a rugged, aluminum 
bodied, (2" x 2.4" plas- 
tic scintillator) gamma 
detector designed for 
medium sensitivity 
applications. This 
probe can be matched 
withThermo's portable survey meters, 
such as the ASP-2, E-600, RM-25 or 
Electra/Delta series. 


» Detector type: 2" dia x 2mm thick Nal 

°Window: 0.001” thick (6.9 mg/cm?) 
aluminum 

* Operating Voltage: 1,000 V nominal 

° Dead time: 12 us nominal 

° Efficiency: ? 18% *Pu, ? 18% "Am 

* Operating Temp: -30 °C to 60 °C 
(-22 °F to 140 °F) 

© Connector: CJ -1 

° Size: 6.8 dia. x 22.9 cm (2.69” dia. x 
9”) 

*Weight: 11 kg (2.5 Ib) 

* Consider as an alternate to the G2LE 


* Dead time: 14 ys nomi- 
nal 
* Operating Temp: -30 °C 
to 60 °C (-22 °F to 
140 °F) 
° Connector: CJ -1 
* Size: 6.7 dia. x 28.3 cm 
(2.63” dia. x 1113”) 
*Weight: 15 kg (3.4 Ib) 
* Consider as an alternate to the G2 


* Detector type: 2" dia x 2.4" thick plas- 

tic scintillator 

° Operating Voltage: 1,000 V nominal 

° Dead time: 12 us nominal 

* Operating Temp: -30 °C to 60 °C 
(-22 9F to 140 °F) 

* Connector: MHV 

° Size: 6.6 dia. x 25.1 cm (2.6” dia. x 
9.9") 

+Weight: 0.8 kg (75 Ib) 


Gamma Scintillation Probes 


This scintillation probe is a rugged, alu- 
minum bodied gamma detector 
designed for low sensitivity applica- 
tions. This probe can be matched with 
Thermo's portable survey meters, such 
as the ASP-2, E-600, RM-25 or 
Electra/Delta series. 

* Detector type: 1" dia x 1" thick Nal 

* Operating Voltage: 600 V nominal 

* Dead time: 36 Ls nominal 


This scintillation probe is 
an aluminum bodied 
gamma detector 
designed for detection of 
low to medium energy 
gammas. This probe can 
be matched with 
Thermo's portable survey meters, such 
as the ASP-2, E-600, RM-25 or 
Electra/Delta series. 


Sodium lodide Scintillation Probes 


Scintillation probes fitted with 2.5 cm 
(1"), 5 cm (2”) or 76 cm (3”) diameter 
Sodium lodide detectors to provide a 
range of gamma sensitivity that can 
be used for energy discrimination with 
single channel analyzers. 


G1: Compact, lightweight and useful 
for detecting small background 
changes. 


G1LE: For enhanced detection of low 
energy emitters such as “1. The G2LE 
is a 2” version also optimized for “Il 
detection. 


G2: Rugged, with greater sensitivity 
than the G1, and also useful for 
detecting sub-surface gamma emis- 
sions during cleanup or decommision- 
ing. Response: 1,200 kcpm per mR/h 
due to *’Cs. 


* Operating Temp: 
-30 °C to 60 °C 
(-22 °F to 140 °F) 
* Connector: MHV 
* Size: 4.7 dia. x 211 cm 
(185” dia. x 8.31") 
*Weight: 0.4 kg (0.9 Ib) 
* Consider as an alternate to the G1 


* Detector type: 2" dia x 0.5" thick Nal 

* Operating Voltage: 1,000 V nominal 

* Dead time: 18 us nominal 

* Operating Temp: -30 °C to 
60 8C (-22 °F to 140 °F) 

* Connector: MHV 

Size: 6.6 dia. x 20.1 cm (2.6” dia. x 
79") 

+Weight: 0.7 kg (5 Ib) 


SPA-8 


SPA-9 


G1, G1LE, G2, G2LE and G3 


—. 


G2LE: A 5 cm (2”) thin crystal version, 
optimized for “51 detection. 


G3: Rugged with twice the sensitivity 
of the G2. Response: 4,000 kcpm per 
mR/h (*’Cs). 


Consider LEG-2 and PG-2 as possible 
alternates. Best used with ASP2E, 
E-600 and Electra. 


Sodium lodide S 


ation Probes 


G5 “FIDLER” Family 


G5 Accessories 
Military vertical handle, 
G5VHX 
ruggedized horizontal 
handle GSHHR 
Horizontal handle, 
standard G5, GSHH 


Vertical G5 handle, 
G5VH 


GP13 Family 
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The 5” diameter 
(127 mm) Nal(TI) 
crystal is optimized 
for detection of 10- 
100 keV gammas 
eg. from degraded 
Pu or Pu-Am, and 
excellent for “I. 
The ruggedized version for field use 
includes a secondary scratch-resistant 
kapton window. Sensitivity can be fur- 
ther improved by using an instrument 
with a single channel analyzer such as 
the Electra, E-600, ASP2E or Delta 5. 


The ruggedized version for field use 
includes a secondary scratch-resistant 
kapton window. 


Sensitivity can be further improved by 


A very sen- 
sitive probe 
for low 
energy 
gamma or 
beta radia- 
tion with a 
100 cm? window and CsI phosphor, 
the GP13A is also ideal for contamina- 
tion monitoring in medical applica- 
tions. Used with a two channel 
ratemeter, DELTAS or ELECTRA, or 
with the wall-mounted CM11D, it can 
discriminate between I and higher 
energy medical isotopes; *"Tc, “C, #P 
etc. 


use of a hand held rate meter that fea- 
tures a single channel analyzer. 


* Connector: MHV 

*G5-Al: Aluminum window 

© G5-Be: Beryllium window for better 
low energy response 

© G5-BeR: Ruggedized version 

* G5-BELB: Low background version 


Optional handles 


This probe can be matched with 
Thermo's portable survey meters, 
such as the Electra/Delta series, 
ASP-2, E-600, or RM-25. 


° GP13A uses a PET connector; GP13B 
uses an MHV connector; IGP13B is 
the intelligent version for use only 
with the Selectra. 


SPECIFICATION 


Table 3.1a and b provides an overall summary of the specifications 
for the probes detailed in this manual. 


The following details are not covered in Table 3.1a and b. 


Radiation Detected: AP & IAP Probes - Alpha Particles 
BP & IBP Probes - Beta Particles 
DP & IDP Probes - Alpha and Beta Particles 


Phosphor: AP & IAP Probes - ZnS(Ag) on Perspex 
BP & IBP Probes - Anthracene on Perspex 
for BP4, BP6, BP7 
- BC404 for BP5 
- BC400 for BP13, BP19 
DP & IDP Probes - ZnS(Ag) on BC400 


Window Material: BP13: 14 um aluminium, 3.8 mg.cm” 


BP19DD, BP19RD, DP6DD, DP6RD: 3 layers of 
polycarbonate, total 0.9 mg.cm” 


All others: 2 layers of polycarbonate, total 1.2 
mg.cm™ (3.5 um, aluminised on both sides) 


Endura /E versions: equivalent to the above 


Area: See Probe Area in Table 3.1 a and b 


Operating Voltage: Between 500 V and 1350 V 
Resistance of Dynode Chain: 69.2 MQ 


Connector: Non ‘I’ probe BP4A, B & C: PET 
Non ‘I’ probes with suffix A: PET 
Non ‘I’ probes with suffix B, DD or RD: MHV 
‘IT’ probes with suffix A - 7 way FISCHER plug 
on flying lead 
‘IT’ probes with suffix B - 7 way FISCHER plug 
on probe 


DIMENSIONS 


PROBE TYPE OVERALL MAX. HANDLE WEIGHT 
LENGTH WIDTH DIA. 

AP4/4 IAP4 224 mm 74mm 37 mm 600 g 
BP4/4A IBP4A 
BP4/4B IBP4B 232 mm 74mm 37 mm 600 g 
BP4/4C IBP4C 235 mm 74 mm 37 mm 600 g 
AP2/4 IAP2 244 mm 91mm 37 mm 750 g 
AP2R/4 IAP2R 
BP5/4 IBP5 
BP7/4 IBP7 
DP2/4 IDP2 
DP2R/4 IDP2R 
BP13 IBP13 424 mm 89 mm 38 mm 875 g 
AP3/4 TAP3 252 mm 123 mm 32 mm 750g 
AP3R/4 IAP3R 
BP6/4 IBP6 
BP6R/4 IBP6R 
DP3/4 IDP3 
DP3R/4 IDP3R 
APS TAPS 296 mm 93 mm 40 mm 500 g 
DP6 IDP6 
APSAD BP19AD 296 mm 93 mm 38 mm 650 g 
DP6AD 


All probes are recommended for use with: 


Portable Ratemeter type SELECTRA (‘I’ Series Probes ONLY) 
Portable Ratemeter type ELECTRA 

Portable Ratemeter type DELTA3 and DELTAS 

Ratemeter types RM5/1 and RM6 

Portable Contamination Monitor type PCMS/1 

Contamination Monitor CM9 
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4. OPERATION 


To facilitate calibration and periodic checking the following 
Radioactive Reference Source Types are recommended. 


AP4 RRS11A (“‘Am) 
BP4 RRS12A (“C) 
RRS14A (°C) 
AP2 RRS21A (*““'Am) 
BPS RRS24A (°°CI) 
RRS25A (°Sr/°Y) 
BP7 RRS22A ('4C) 
RRS24A (*°Cl) 
DP2 RRS21A (*“'Am) 
RRS24A (°°Cl) 
RRS25A (°Sr/°Y) 
BP13 RRS63A (Co) 
RRS64A (°°CI) 
AP3 RRS31A (*“'Am) 
AP5 RRSSIA (*““'Am) 
BP6 RRS32A (“C) 
RRS34A (*°Cl) 
DP3 RRS31A (*“/Am) 
RRS34A (°°CI) 
RRS35A (°Sr/°Y) 
DP6 RRSS1A (*“'Am) 
RRS53A (Co) 
RRS54A (°CI) 
RRS55A (°St/°Y) 
BP19 RRS52A (“C) 
RRS53A (Co) 
RRSS4A (°C) 


RRSSS5A (7°S1/°Y) 


4.1 


SETTING THE OPTIMUM HIGH VOLTAGE 


This procedure must be performed whenever repair involves 
replacing the probe photomultiplier (PM) tube. It should also be 
performed periodically as a routine calibration. 


The relevant probe must be connected to the measuring instrument 
by means of a suitable coaxial cable, 1.e. cable assemblies: 


CA 3152C 2 m ‘straight’ coaxial cable PET to PET 

CA 3190A * 0.3 m extendible 'curly' coaxial cable MHV to MHV 
CA 3191A* 0.3 m extendible 'curly' coaxial cable MHV to PET 
CA 3201A* 0.3 m extendible 'curly' coaxial cable PET to PET 


. EC EMC compliance not guaranteed for these cables. 


Generally, the equipment associated with this probe, RM5/1, RM6, 
CM9 and PCMS5/1 have a single connector and fixed discriminator 
levels. In the case of the SELECTRA, ELECTRA, DELTA 3 and 
DELTAS, the unit has a variable upper level discriminator (ULD) but 
the lower level discriminator (LLD) is fixed; the ULD should be set to 
1.5 V. 


If other ratemeters are used which have accessible discriminator 
control, discriminator levels should be set to the following: 


LLD: equivalent to an input pulse height of 100 mV or a charge 
sensitivity of 17 pC for B particles 


ULD: equivalent to an input pulse height of 1.5 V or a charge 
sensitivity of 250 pC for a particles 


AP, IAP, BP and IBP Probes 


This section details the set up procedure required for the alpha only or 
beta only probes listed below: 


Alpha Probes: AP2, AP3, AP5 
Beta Probes: BP4, BP5, BP6, BP7, BP13, BP19 


With the lid and shutter of the relevant Radioactive Reference Source 
(RRS as defined above) open, place the probe in position with the probe 
window directly above the source surface. 


Switch the measuring instrument ON. Increase the high voltage slowly 
until counts are first observed in the relevant channel. Plot a count rate 
against high voltage curve not exceeding 1350 V. From this curve, 
determine the voltage range at which the rate of change of countrate 
with change in voltage is a minimum, 1.e. a ‘plateau’ region. The centre 
of this plateau region is the optimum operating voltage of the probe. 


NOTE: 


This operating voltage is specific to the discriminator setting 
of the measuring instrument and the cable being used. 


It is generally more advantageous to operate at little below 
the centre of the plateau especially where there is likely to be 
a high background due to gamma or neutron radiation. This 
is particularly true of alpha probes. In the case of alpha 
probes if it is necessary, due to economic reasons, to operate 
a probe at a fixed efficiency an efficiency should be chosen 
such that all probes of the same type will operate at the 
lower end of the plateau, i.e. for say the AP5 operate at an 
efficiency of 30% rather than 32%. This will avoid the 
possibility of higher than expected sensitivity to gamma and 
neutrons. It is however recommended that wherever 
possible probes are operated on their plateau otherwise 
there will be a higher susceptibility to drift due to 
temperature electronic instability etc. 


The operating voltage should be recorded along with the ratemeter type 
and serial number, the discriminator setting, the cable type and the probe 
type number and serial number to avoid unnecessary repetition of the 
setting up procedure. 


The background countrate at the operating voltage determined above 
should be within the limits specified in Table 3.1 a & b. 


DP and IDP Probes 


This section details the set up procedure required for Dual Probes used for 
the simultaneous measurement of alpha and beta particles listed below: 


Dual Probes: DP2, DP3, DP6. 


There are two methods by which the optimum o and £ separation can 
be achieved; both of which are described below. 


Alpha Counts in the Beta Channel: 


Use the relevant **'Am Radioactive Reference Source (RRS*1A as 
defined above) and with the lid and shutter open, place the probe in 
position with the probe window directly above the source surface. 


Switch the measuring instrument ON. Increase the high voltage 
slowly until counts are first observed in the beta channel. Plot a count 
rate against high voltage curve up to a maximum of 1350 V. The 
count rate should increase, then decrease, then increase again with 
increasing high voltage (HV) applied. Adjust the HV to the centre of 
the dip of the curve. 


Beta Counts in the Alpha Channel: 


Alternatively, place the probe in the relevant ’Sr/°Y Radioactive 
Reference Source (RRS*5A as defined above). Observing the count 
rate in the alpha channel, increase the High Voltage slowly until 
counts are first observed. Set the maximum HV such that less than 
1 count per second is observed in the alpha channel. 


NOTE: — The point at which the beta-in-alpha take-off occurs will 
depend upon the beta energy. *Sr/Y is taken as a worst 
case, being a high energy beta. Take-off for lower energy 
betas such as from *°Cl or “Co would occur at a slightly 
higher HV setting. 


The operating voltage should be recorded along with the ratemeter 
type and serial number, the discriminator setting, the cable type and 
the probe type number and serial number to avoid unnecessary 
repetition of the setting up procedure. 


NOTE: This operating voltage is specific to the discriminator 
setting of the measuring instrument and the cable being 
used. 


The background countrate at the operating voltage determined above 
should be within the limits specified in Table 3.1 a & b. 


4.2 


4.3 


CALIBRATION 


When the source countrate is measured at the optimum HV setting, as 
determined in 5.1 above, the probe efficiency for the measurement of 
surface emission is given by: 


Detected Source Countrate - Background Countrate 


x 100% 


2a Efficiency = 
Source Emission Rate |s" 


The efficiency for the measurement of activity will be half the efficiency 
for measurement of surface emission for sources of zero self absorption 
and zero backscatter. 


GENERAL USE 


Since alpha particles have a range in air of typically only 4 cm and this is 
effectively reduced by the window of the probe, the probe should be 
placed as near to the surface to be measured as possible and no further 
away than 2 cm. It should be noted that the window of the probe is 
extremely fragile and direct contact with any surfaces must be avoided. 


Beta particles have a relatively large range in air compared with alphas 
but, to maintain efficiency, the probe should also be placed as near to the 
surface to be measured as possible. 


When using the probe to detect low levels of alpha or beta contamination 
over large areas, the probe should be moved slowly over these areas. 
Each area should be "seen" by the probe for at least a second. 


EXAMPLE 
Probe: DP6 (or IDP6) 


The expected countrate for 0.37 Bq.cm” (10° uwCi.cm”’) of alpha 
contamination will be: 


0.37 x Probe Area (cm’?] xX (Probe Efficiency for Surface Emission) 
| 2 


= 18.5 x Probe Efficiency 


i.e. typically 6.1 s' for “'Am. 


The expected countrate for 3.7 Bg.cm’ (10*uCi.cm’) of beta 
contamination will be: 


(Probe Efficiency for Surface Emission ) 


3.7x Probe Area (em-?} x 5 


= 185 x Probe Efficiency 


i.e. typically 76.1 s' for ’Sr/°Y. 


Electra / Selectra 
Survey Meters 


Autoranging digital and 
bargraph displays 


Rugged metal body and 
long battery life 


Wide range of GM and 
scintillation probes 


Easy probe swapping 
with Selectra models 
and “I” probes 


500 point datalogging 
with Plus models 


Easy-to-use, rugged and reliable, 
this versatile family of meters has a 
variant to suit just about every rate 
or survey application. The Electra 
range consists of the Electra, plus 
three variations (Selectra, Plus and 
GM) which can be specified in any 
combination, from the base Electra 
model up to the flagship 
SelectraGMPlus. 


Electra 

The Electra is a digital, microprocessor 
based, rate meter which is compatible with 
most GM and scintillation survey probes, 
and can be calibrated with an external 
probe for direct readout of dose rate or 
count rate, in a range of units. Readings 
are displayed both numerically and on a 
bargraph, which autoranges across seven 
decades. Intelligent software discriminates 
between true rate changes and 
insignificant fluctuations. Digitally 
controlled HV and preset parameters 
provide outstanding consistency between 
instruments: the setup does not drift and 
instruments with identical setups are 
directly interchangeable. 


The Electra is sturdy, well balanced, 
comfortable over long periods of use and 


suoiedijiaads yonpold 


operable when wearing double protective 
gloves. It is built ina metal extrusion with 
tough, replaceable, plastic end caps and is 
powered by long life dry cells or 
rechargeable batteries. Internal 
configuration switches let a supervisor 
choose which parameters are available to 
users. 


Selectra 

The Selectra models feature automatic 
probe setup when used with our “I” style 
probes. These probes contain chips which 
store operating parameters, and connect to 
the meter via a 7-way Fischer connector 
(the Electra models having PET or MHV). 
Selectra benefits include tamperproof 
setup, simpler probe exchange, and less 
equipment to carry around. 


ELECTRON CORPORATION 


Product Specifications 


USA: 

504 Airport Road 
Santa Fe, NM 87507 
USA 

(505) 471 3232 

(505) 428 3535 fax 


GM 

GM models have a low weight, compact, 
front extension, housing an energy 
compensated GM probe whose position is 
shown by two white crosses. Contact dose 
rate measurements can be taken without 
disconnecting the external probe. The GM 
models’ memory includes an exact setup for 
the internal probe and adjustable setup for 
the external probe. A single key press 
switches from one probe to the other. “G” is 
displayed on screen when the internal GM 
probe is active. GM models are designed 
for ease of decontamination, with simple 
replacement of heavily contaminated parts. 


Plus 

Datalogging is made easy with the Plus 
models. Up to 500 detailed results can be 
stored on-board in non-volatile memory, 
from all measuring modes. Result data 
includes rate, integrate time, date stamp, 
operating mode, stored background and 
unique location identities, and results can 
be reviewed on the instrument. Location 
identity is a breeze with the built-in 
iButton™ reader, or optional barcode reader, 
with alphanumeric location names of up to 
16 characters stored with each reading. 


The supplied PlusLink software handles 
communication between the Plus models 
and external PCs, running under Windows™. 
Datalog download is easily achieved, for 
further analysis with common applications 
such as Microsoft™ Access or Excel. Plus 
model setup and automatic plateau plotting 
are also provided in PlusLink, along with 
other useful facilities. 


Technical Specifications - all models 
Count rate ranges: 
Settable, 0.1 cps to 100 kcps, or 1 cpm to 
1000 kcpm 
Response factors: 
dpm: 0.001 to 1.000 cpm/dpm 
Ba: 0.001 to 1.000 cps/Bq 
Bq/cm’: 0.01 to 999 cps per Bq/cm’ 
R/h: (0.01 to 999 cps per mR/h 
Gy/h: 0.001 to 99.9 cps per pGy/h 
Sv/h: 0.001 to 99.9 cps per pSv/h 
Integrate mode preset time: 
1 to 10sin1s steps, 15 to 30sin5s 
steps, and 40 to 5,000 s in 10 s steps 
Display: 
3 decade bargraph, 6 decade span, 
autoranging. 4 character digital display. 


Symbols for: units, sound, battery, alarm, 
mode, inhibit, channel, setup, overload 
and operational parameters 
Backlight: 
A momentary press of the backlight key 
gives 30 s illumination 
Sounder: 
Distinct tones for alpha and beta pulses, 
alarm, change of range and overload 
Dead time: 
Presettable correction, 0 to 250 us 
Connectors: 
Probe: PET or MHV (Electra models) 
Fischer (Selectra models) 
Headphone/earpiece: 
3.5 mm stereo jack socket 
Charger: 2.5 mm power jack socket 
High Voltage supply: 
400 to 1400 V in 5 V steps. 
Max. load 66 MOhms, current 40 pA at 
900 V 
Overload setting: 
0.25 to 40 yA excess HV current, 
adjustable in 0.25 yA steps 
Alarm thresholds: 
Presettable alpha and beta settings with 
dual probes 
0.1 to 50,000 cps, 1 to 300,000 cpm, 
0.1 to 50,000 Ba/cm’, 0.1 to 50,000 Ba, 
1 to 300,000 dpm, 0.01 uSv/h to 5 Sv/h, 
1 uR/h to 500 R/h, 0.01 uGy/h to 5 Gy/h, 
Off 
Lower signal threshold: 
1.7x 10" C fixed (100 mV internal) 
Upper signal threshold: 
2.6 x 10" C to 5.1 x 107° C (150 mV to 3 V 
internal in 50 mV steps) 
Batteries: 
Three 1.5 V, C sized dry cells (IEC LR14) or 
three rechargeables (IEC KRH 27/50) 
Battery life: 
90 h typical, with dry cells and power 
saver feature (auto switch-off) 
Operating temperature: 
-20 to +50 °C (-4 to +122 °F) 
Humidity: 
up to 95%, non-condensing 
EMC: 
CE approved 
Dimensions: 
135 Hx 110 W x 250 D mm 
(5.3" H x 4.3" W x 9.8" D) including 
handle. GM models are 300 mm (11.9") D 
Weight: 
1.22 kg (2.7 |b) excluding batteries, 
except GM models which are 1.42 kg 
(3.2 Ib) 


UK: Rest of Europe: Rest of World: 
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Further Specifications - GM 
Gamma Range: 
0.1 to 20,000 pSv/h 
Instrinsic error: 
+10% (IEC60846 requirement, 15%) 
Energy response: 
-15% to +30%, 60 keV to 1.25 MeV 
relative to 662 keV ‘Cs 
Overreads slightly above 1.25 MeV 
Response times: 
1s sampling with 10 s rolling average for 
rates > 2 cps. Less than 2 s to respond to 
> 2.6 sigma changes. 
(IEC60846 requirement, < 10 s) 
Warm up: 
20 s, including completion of self-checks 
Overload: 
Overload alarm and > Full Scale 
Deflection maintained for 20 mSv/h to 
2000 mSv/h 
Complete recovery after only 30 s 
Pulsed radiation: 
Not designed for pulsed radiation fields 
Coefficient of variation: 
Well within IEC 60846 above 2.5 uSv/h 
Alarms: 
One for dose rate, presettable to any 
on-range value. Settings stored in non- 
volatile memory 
Temperature: 
-10 to +40 °C (14 to 114 °F), within +6% 
Temperature shock: 
Has no greater effect than slow changes 
Humidity: 
No significant change, up to 95%, RH at 
35 °C 


Further Specifications - Plus 
Preset precision: 
0.1% to 20% in 0.1% steps (at 2 sigma 
confidence level) 
Sampler mode: 
Up to 500 cycles comprising Integrate, 
followed by Pause 
Peak hold mode: 
Display is updated only if latest value 
exceeds all previous since selecting mode 
Additional connectors: 
RS-232 serial link: 5-way DIN 
iButton receptor 
Data Log: 
Up to 500 unique locations, up to 500 
total readings 


Accessories 

Optional accessories include external 
probes, iButtons, barcode reader, reference 
sources, probe holders, belt holsters, 
cables, batteries and chargers. Consult 
your supplier for details. 


This specification sheet is for informational purposes only and is subject to change without notice. Thermo makes no warranties, expressed or implied, in this product summary. 
© 2003 Thermo Electron Corporation, question everything, and Analyze. Detect. Measure. Control are trademarks of Thermo Electron Corporation. LITELECTRASELECTRA 0803 
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Mini 600 Series, Type 6-80 


Environmental Radiation Meter 


The 6-80 is widely used by 
nuclear research establish- 


Environmental Radiation Meter Type 6-80 


ments, nuclear power utilities 
The 6-80 series has the following features: 


and public health authorities 


as a reliable, convenient, and e Uses a high sensitivity compensated GM tube type MC7I. 
inexpensive means of meas- © Clear 6 digit liquid crystal scaler display. 

uring environmental gamma e@ A logarithmically scaled analogue ratemeter covering four 
doserate. decades without range switching. 


@ Preset counting times from 10 seconds to 1000 seconds in 
seven steps plus manual timing using the start and stop 
buttons. 

@ Battery operation gives up to 400 hours life from four readily 
available cells. 

@ Acomprehensive manual containing energy response data, 
calibration curves and other useful information. 

@ Tough, splashproof polycarbonate case. 


Part of Thermo Fisher Scientific S GACE NEE NG 


The 600 Series Scaler/Ratemeters 
Environmental Radiation Meter Type 6-80 


The Type 6-80 is a portable counting system for the determination of environmental gamma radia- 
tion levels. It is therefore suitable for use in normal and emergency monitoring programmes 
including those concerned with the pre-commissioning, operational, decommissioning and post- 
operational phases of nuclear installations. 


The radiation intensity is obtained directly from the analogue meter. An integrated count from the 
digital readout enables the user to calculate a more accurate value after referring to calibration 
data. 


The 6-80 is supplied with the compensated GM tube type MC71. The MC71 has a sensitivity of 
approximately 18.5 counts s-1 Gyh-1. Special materials are also used in the construction of this 
tube to reduce the inherent background. A measurement over a period of 1000 seconds will give a 
result having a 1SD statistical accuracy of +3% for a background of 60 nGyh-1. 


The gamma response of the GM tube has been modified by filters and has a response from 55kev 
to 1.25MeV with a deviation from linearity not exceeding +25% for radiation normal to the axis. It 
is strongly recommended that each instrument is calibrated by an approved laboratory, using 
sources traceable to national standards before delivery to the customer. 


The instrument, MC71 detector, 1 meter of cable and a tripod stand for mounting the detector 
assembly can be obtained as a complete kit packed in a convenient carrying case. 


The Type 6-80 Specification 
Radiation detected: Gamma only 
Detector: Halogen quenched, energy compensated G-M tube. 
Typical sensitivity to: 
Ra 18.5 counts s-1 yGy h" 
Ca 15.7 counts a-1 Gy h* 
Inherent background typically 0.25 count s* 


High voltage: 300-600 volts, internally adjustable. 

Ratemeter display: 70mm meter logarithmically scaled 0.05 pGyh" to 75 uGyh* 
Scaler display: Liquid crystal 5 digit readout and overflow indication 
Batteries: 4x IEC R14 (“C” size) or similar. 

Battery life: Approximately 400 hours at 4 hours/day. 

Timing: Crystal controlled having the following selectable intervals: 


10, 30, 60, 100, 300, 600, 
1000 seconds and unlimited. 


Recorder output: 0-0.5 volt at 1mA is available for driving a recorder, slave meter or 
data logger. 

Size: 240 x 120 x 100mm (9.5" x 4.5” x 4”) Makrolon plastic weatherproof 
case and carrying strap. 

Weight: 1.2 kg (2.5 Ibs) 
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The goo Series 
Mini Monitor 


* Several Configurations 
available 


* Battery or Line 
Powered 


* Very Affordable 


Part of Thermo Fisher Scientific 


The Mini-monitor serves as a 
portable or bench top style radiation 
counter available with a variety of 
different probes to accommodate 
most of your radiation detection 
needs. 


The 900 Series of radiation counters are 
well established in teaching, research, 
hospital and industrial laboratories. Their 
reliability and convenient design are 
particularly attractive for industrial hygiene 
applications or where budgets are tight. 

These instruments feature a large 
logarithmically scaled meter with an open 
scale at the lower end to show background 
levels of radiation while displaying high 
levels without switching. A built-in speaker 
provides audible feedback of the radiation 
intensity while the user is performing the 
measurement. An alarm can be set to trip 
at any level on the scale. 


nts per second 


To support its versatile use and 
portability, the Mini-900's are packaged in a 
durable, lightweight aluminum case. 
Operation may be conducted on either 
battery power or by mains operation using 
a separate power unit. Included is an 
internal constant current charger for 
rechargeable batteries. 

Each unit comes with a comprehensive 
manual containing tables and curves of 
response to different radiations and other 
useful information. These monitors 
conforms to the requirements of the 
International Technical Commission 
publication 325. 


SCIENTIFIC 


The 900 Series Specifications 


Weight: 1 kg. (2.2 Ibs) 

Size: 180 x 110 x 165 mm (7" x 4.5" x 6.5") 

Batteries: 6 type AA cells, alkaline (IEC LR6) or rechargeable (IEC KR 15/51) 
Battery life: Approximately 300 hours at 4 hours/day. 

Paralysis time: Scale corrected to give true reading 

Meter integration time 1 to 4 seconds set to match counting rate. 

Radiation detector: Halogen quenched G-M tube. 

Radiation detected: Gamma and X-rays only. 

G-M tube supply: 300-700 Volts preset for tube type. 

Overload protection: No meter ‘fallback’ with intensities at least 100 times full scale reading. 
Main power: 12-18 V de from mains unit. 


Available Configurations 


Type R: Monitoring High Level Dose Rates A monitor scaled over the range 0.5 to 5000 Sv h 
{0.05 to 500 mR/h). The G-M tube is compensated to give a useful response from 45 keV to 
1.5 MeV and above. It is not recommended for monitoring X-radiation from apparatus operating 
below 75 kVp. 

Type G: Monitoring for Low Environmental Dose Rates Highly sensitive performance. The monitor is 
scaled over the range 0.05 to 75 ytSv h" (0.005 to 7.5 mR/h). The useful energy range is 55 keV 
to 1.5 MeV and above. This instrument is not suitable for monitoring X-radiation. 

Type D: A monitor using a partially compensated G-M tube to obtain an extended low energy response. 
The instruments is scaled over the range of 0.5 to 1000 1Svh" (0.05 to 100 mR/h). The useful 
energy range is from 30 keV to 1.5 MeV but response is maintained down to at least 17 keV. It 
is suitable for measuring radiation from X-ray apparatus operating at or above 45 kVp. 

Type X: This instrument is scaled 0.5 to 2000 counts per second and uses an end window G-M tube 
without energy compensation. It is sensitive to radiation down to 10keV and is therefore useful 
for locating X-ray leakage from a variety of systems including high voltage equipment where 
X-rays are generated adventitiously. It is not intended for measurement but as a relative check 
device. 
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The FHT 1377 PackEye system was 
developed by Thermo Fisher 
Scientific for the rapid detection 

and location of gamma emitting 
radioactive sources. It provides sur- 
vey teams with a tool for effectively 
addressing the problems of orphaned 
sources, radiological contamination, 
and maliciously introduced sources. 


FHT 1377 PackEye 


By virtue of the proprietary NBR-tech- 
nology (Natural Background 
Rejection) extremely low contribu- 
tions of artificial gamma radiation 
are quickly detected, despite much 
larger fluctuations of the natural 
gamma background radiation. Thus 
alarm levels in the order of 1 pR/h for 
SNM or heavily shielded industrial 
sources (dirty bombs) are achieved. 


The NBR 

measure- 

ment method 

has been 
developed by Thermo Fisher 
Scientific, Erlangen (Germany) for 
extremely fast discrimination 
between natural and artificial gamma 
radiation. Worldwide, more than 
2000 devices based on this 
technology are in use. 


Unlike conventional spectroscopic 
based gamma identification systems, 
the systems using NBR do not require 
the presence and resolution of 
gamma spectral lines. Because of 
this flexibility, NBR can also defini- 
tively distinguish artificial high ener- 
gy beta sources and heavily shielded 
gamma ray sources from fluctuating 
natural background sources. NBR has 
a rapid response time. Artificial 
gamma radiation sources are identi- 
fied in seconds by operators with 
basic training levels. Presence of arti- 
ficial gamma radiation is simply indi- 
cated by a red flashing light and an 
audible alarm. 


In addition to the detection of artifi- 
cial gamma radiation (percentage 
alarm) a sigma based net count rate 
gamma alarm is active as well 
Within a preset count rate range this 
alarm level is constantly and auto- 
matically updated according to the 
present background level 


System components 


The detection of neutron sources is 
performed with the help of 2 ea. He-3 
tubes (2.5 bar, 770 ccm active volume 
ea.). The sliding evaluation window 
with 100 ms update cycles allows the 
setting of a very low net alarm 
threshold level. A neutron source 
with an activity of 20,000 n/s can 
typically be detected in a distance of 
3m (10 ft), i.e. the neutron detection 
limit corresponds to the requirement 
for installed gate monitors! 


Two He-3 counting tubes 
Intelligent amplifier FHT 681 


Connection cables to PC or 
notebook (serial RS232 or 
USB) 


Battery pack 
Earphone socket 
Optional single earphone 
Indication unit 

> Voltage devider 
Photomultiplier 
NBR detector 

© Set of international power 

socket plugs for charger 


© Battery charger with inter- 
changeable plugs 


tc] Connector to battery pack 


© Car adapter as alternative 
power supply for the battery 
charger 


Discrimination between artificial 
and natural radiation 


In case of absence of detectable artifi- 
cial gamma radiation, the green "nat" 
LED (E) is flashing slowly. The red “art” 
LED (D) light is blinking once artificial 
radiation is present. The presence of 
artificial radiation always triggers an 
alarm. 


Excess of high energy radiation 


If both LED lights ( D + E ) are on, the 
presence of an excess of high energy 
gamma radiation is indicated. Such an 
unusual background energy distribu- 
tion results in a slightly reduced NBR- 
sensitivity to SNM or shielded indus- 
trial sources and can be caused by 
large amounts of K-40, an AmBe 
source or N-16 radiation 


Alarm indication 


Once an alarm had been triggered the 
location of the source can be traced by 
using the acoustical and / or LED bar 
indication. For stealth operation or ina 
noisy environment a standard ear- 
phone can be used. Optionally data 
display , alarm indication and data 
storage can be performed with the 
help of a PDA with bluetooth 
communication. 


RadEye PRD - Personal Radiation 
Detector 


For very low gamma 
energies the shielding 
effect of the user's body 
might hamper the detec- 
tion of a source located 
in front of the user. It is 
therefore strongly recommended to 
wear an additional RadEye PRD at the 
belt. This pocket-sized instrument is an 
ideal complementary instrument for 
the precise localization of a source 
initially detected by the larger size 
FHT 1377. 


RadEye PRD calibrated in R/h 
# 4250671 


RadEye PRD calibrated in Sv/h 
# 425067120 


Holster for RadEye PRD 
# 425067046 


Indicator unit display 


Push button on 

LED chirper Mode Indication 
LED gamma radiation level bar 
LED artificial radiation 

LED natural radiation 


Push button acknowledgement 
gamma radiation alarm 


Sounder 
LED battery status 


Push button acknowledgement 
neutron radiation alarm 


LED system error 
LED neutron radiation level bar 


Bluetooth Class 2 


Upon request, 
other backpack 
brands and models 
can be provided - 
weight and size 
will change 
accordingly. 


Indicator unit 


Stealth Operation: 

The indicator unit can be hid- 
den inside the backpack. The 
display of data as well as alarm 
indication is achieved through 
the optional PDA. 


PDA 


Radiation Detection 
Backpack 


RadEye PRD 
Indicator unit 


Hidden radioactive 
material 


Interceptor™ 


For advanced isotope 
identification Thermo 

Fisher Scientific’s new 
Interceptor™ is available. The 
Interceptor™ offers immediate 
gamma isotope analysis. 


# INT Gid 


Please ask for detailed 
datasheets! 


FHT 1377 PackEye # 4255051 

Scope of supply: 1 ea. light weight backpack containing radiation detection equipment!, 1 ea. indicator unit mounted at 
the backpack’s belt and 1 ea. accessory aluminium case?. 

Comprising: 1 ea. NBR-Detector, 2 ea. He-3 tubes (2.5 bar), 1 ea. preamplifier and controller tye FHT 681 


2 Containing: 1ea. user manval, 1 ea. USB connection cable with Driver Software, 1 ea. RS 232 serial connection cable, 1 ¢a. rain cover for backpack, 1 
ea. earphone, 2 ea. rechargeable battery packs (one in exchange) for 60-70 h operation time each (378 g ea), 1 ea. charger for 120/240 VAC and 12 V 
DC, 1 ea. package of black bands to secure the cables and belts of the backpack 


Accessories 


PackEye Case # 4255085 

Scope of supply: 1 ea. transport case for one PackEye (not 
included). The case allows the inside operation of a PackEye 
to be used as stationary detector. The PackEye can be powe- 
red externally by a case-adapter. It is recommended to use the 
optional PackEye PDA for data display as the indicator unit is 
hidden inside the case 


, 
| ae \ Tripod Stand # 4255086 
Scope of supply: 1 ea. easily adjustable tripod stand with 


Case with PackEye inside 


FF mounting plate for the PackEye case (not included). 
PackEye PDA # 425505091 Case-Adapter DC/DC # 4255087 
Scope of supply: 1 ea. Windows Mobile PDA inclu- Power adapter with special plug for the 
ding preinstalled software for data display and connection to a PackEye case. Input 12- 
logging for retrospective analysis, 1 ea. plug-and- 24 V DC, output 7.5 V DC 
play Bluetooth adapter for the PackEye. The PDA Case-Adapter AC/DC # 4255088 
has a built-in GPS system and class 2 Bluetooth 


Power adapter with special plug for the 
connection to a PackEye case. Input 100- 
240 V AC, output 7.5 V DC 


capability. 


Application Example 


Oo -——-6 Gamma Test-Adapter Kit - # 4254949: 
(100 g natural Lu0;); Immediate indica- 
Technical Specification tion of artificial gamma alarm (NBR). 


Gamma detector NBR-detector FHZ 672 E (advanced version) 

Gamma energy range / sensitivity | 50 keV to 3 MeV / > 30 cps / )R/h [ 3000 cps / Sv/h ] at 662 keV 

Artificial gamma alarm Typically better than 20 % of natural background 

Neutron detectors 2 ea. He-3 tubes (2.5 bar), active length 15"ea., dia. 2" 

Update 100 ms 

Power supply Rechargeable NiMH - power pack (7.2 V) - operation time 60-70 h 

Total weight approx. 6 kg (approx. 13 Ibs) 

This specification sheet is for informational purposes anly an ibject to change without notice. Thermo Fisher Scientific mah arranties, expressed or implied, in this product summary. 
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The PM12 gamma portal monitor breaks new 
ground in personnel monitoring. It provides a 
major improvement in sensitivity over similar 
instruments, thus leading to faster monitoring 
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PM12 


Personnel Gamma Portal Monitor 


¢ Reduced time to count (Quickscan) 

¢ PC controlled, with embedded Windows XP operating system 
¢ All results logged to internal database 

¢ Achieves measurements of 370 Bq (10 nCi) of °Co 


¢ Five modes of operation: walk through, one step, two step, three step 
or stand and turn 


¢ Two types of high level alarm, as well as an optimized “Co alarm 
¢ Ability to check for changing background during the measurement 


¢ Optional large touch-screen color LCD display - no keyboard required 


¢ Automated calibration and checking routines 
¢ Easy upload and download via USB 


¢ Viewpoint compatibility 


The PM12 utilizes eight identical large gamma-sensitive plastic scintillation detectors to monitor personnel passing through the portal. Traffic flow 
can be either direction. Three detector assemblies are located in each side of the portal, with additional detectors to monitor the head and feet. 
The PM12 maintains the simple operation of its predecessor the PM/. In its basic form no keypads or complicated displays are necessary. The only 
user control is an alarm acknowledge switch, which is used to silence the audible alarm after contamination has been detected. The operational 
status of the portal is clearly indicated by a set of vertical system indicator lights located on both sides of the portal frame. 


The System Indicator Lights are as follows: 


e Contaminated: A red light indicating the presence of contamination 

e Ready: A green light indicating that the PM12 is ready to use and is 
measuring background 
Count: A yellow light indicating that the portal is monitoring a user 
for contamination 

e Re-count: A white light indicating that the user left the monitoring 
position before the count interval was complete 

e Out of service: A blue light indicating that the personnel monitor is 
undertaking internal checks or has a failed component 


Ready/Clear 


Along with these indicators, a human silhouette, located on the right hand side of the portal frame, indicates which of the eight detector zones are 
“contaminated” thus aiding in localizing the contamination on an individual. The monitor will utilize double detector and triple detector sum-zones 
for monitoring of low level distributed activity. Voice commands may be utilized to help with the positioning of the user. 


Part of Thermo Fisher Scientific SCIENTIFIC 


PM12 Specifications 


The PM12 may operate in either minimum count time or maximum sensitivity mode. The user enters the desired alarm level in terms of activity 
located in the centre of the monitor, or activity located adjacent to a detector (or both) and the personnel monitor determines the appropriate alarm 
level and minimum necessary count time to achieve these levels. The typical MDA for activity on the surface of the body is 200 Bq (6 nCi) of “Co. 


An optional touch screen LCD is provided which will provide additional instructions to the users, and display monitoring results. The LCD is used for 
the calibration and configuration of the portal, and also may be used for retrieving measurement and calibration data from the portal’s database. 
The portal may also be calibrated using a laptop PC connected to the portal’s Ethernet port. The software provided by Thermo Fisher Scientific is 
highly intuitive and provides detailed high voltage scanning, calibration and report generation. 


Products available 


| PM12A-051 | LCD and 0.5 inch of lead shielding | PM12B-05L No LCD and 0.5 inch of lead shielding 
| PM12A-10L | LCD and 1 inch of lead shielding PM12B-10L No LCD and 1 inch of lead shielding 


General 

The monitor has 8 identically sized detectors 

The outer dimensions of the monitor are 603 x 940 x 2190 mm (23.7 x 37 x 86.2 in). The LCD protrudes a further 290 mm (11.4 in) 
The internal passage width is 710 mm (28 in) in centre of portal 

The monitor is available both with and without an LCD display 

There are two thicknesses of shielding: 12.7 mm (0.5 in) and 25.4 mm (1 in) 

The mass of the monitor is either 820 kg (1800 Ibs) or 1000 kg (2200 Ibs), depending on the shielding used 


Features 

e The monitor may be used in five modes: walk-through, one step, two step, three step, stand and turn. The two step mode Is the most 
sensitive for contamination on the body. The three-step mode is a combination of one step and two step 

e The software allows both an activity alarm and a high activity alarm 

e An alarm may be set on each individual detector, as well as double detector sum zones and triple detector sum zones, and gross sum 
(8 detector) zone. 

e Quickscan may be used, which significantly reduces the counting time, without compromising the statistical probabilities of detection 

or false alarm. 

A low energy check may be used if a user is contaminated with contamination from medical radionuclides 

An additional °Co alarm will monitor for the presence of “Co, with greater sensitivity than the standard alarm 

A changing background indication will indicate significant changes in background radiation 

A changing conditions alarm will indicate if there is a significant change in the count rate during the monitoring period, which would 

invalidate the measurement 

Rapid recovery from background changes with a dynamic background counting time 

All background, measurement, source checking, event log, voltage scanning is stored to an SOL database within the monitor 

Set-up and configuration and diagnostic information is accessed via a touchscreen LCD, or an optional external PC 

User screens and voice prompts in a wide range of user-selectable languages 

When used with user identification, may be used to monitor lung burden trends on individuals over a period of time 

Dongle security, with three security levels 

Battery and sensor diagnostics 

Calibration integrity checking 

Video camera, barcode reader and EPD reader options 
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Thermo Scientific’s newest RadEye instrument 
for surface contamination measurements 


The perfect solution for 


¢ Civil Defence 

° Fire Brigades 
Hospitals 

¢ Nuclear Industry 


RadEye AB100 Pharmaceutical Industry 


Alpha Beta Contamination Monitor 


Features of RadEye AB100 
Light Weight (900 g), excellent grip with or without gloves 
¢ Rugged and compact design, thick rubber protection cover 


© Low cost of ownership with > 1,000 h operation time using 
2C batteries — rechargeable NiMH-cells can be used 


¢ Menu-driven user interface resulting in low training cost 
and immediate familiarity 


© Huge internal data memory for both scaler type and 
continuous data recording 


¢ Bright backlit LCD display — plain text messages - different 
languages can be selected 


e Easy adaptation to different tasks by supervisor 
configuration, calibration, selection of measuring units 


¢ Versatile operation modes: 


- Scaler / Timer with preset count and preset time for 
sample measurements 


- Continuous ratemeter mode for frisker operation 


- Alpha, Beta and Alpha + Beta modes 

The RadEye AB100 is a modern contamination meter for sur- 

face contamination measurements with excellent alpha/beta 

* Audible indication: single pulse for alpha, chirper mode for discrimination. The user can select the proper calibration 
beta - proportional to count rate factor within a list of isotopes (e.g. Bq, Ba/cm?, dpm). 

¢ Earphone output for operation in a loud environment 


- Gross or net counting 


The instrument is part of the growing RadEye family of 
© One hot and four advanced buttons - easy to use, high-end stand-alone meters, which are designed to 
no PC required meet the most demanding user expectations. 
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Large graphic display with clear prefix and bar-graph 


Simultaneous measurement of alpha-, beta-, Alpha alarm is indicated Scaler Mode 
and gamma radiation 


Menu Operation 

All factory-set parameters can be easily modified on the RadEye or using optional software. These menu operations can also be partially or fully 
blocked to simplify the instrument and to avoid any faulty operation. Navigation is made easy by a clear and intuitive user concept. Separate alarm 
levels for alpha, beta, gamma respectively alpha mode can be set. 


RadEye Software 

All settings and the data analysis can be done by an optional Windows™ -based PC-software and an 
accompanying reader device. At the end of the scaler measurement the data are recorded with date 
and time (up to 1,200 data sets). 


Changes in configuration, occurring alarms and errors are saved in the RadEye memory. These saved 
events can be read out via the option "logbook". It is shown as a table and can be saved to the PC 
hard disc or printed. The logbook has a maximum of 250 data sets. Several events at the same time 
are saved as one record. On the display every event is shown in one line for a clear view. 


ee 


RadEye AB100 configuration 


Am-241: 36% (a) 
Efficiency (per surface emission) Co-60 : 23 % (B) 

St/Y-90: 49% (B) 
Gamma response (Cs-137) approx. 40 s"/(uSv/h) 0.4 s'/(uR/h) 


Thickness: 0.87 mg/cm? aluminized plastic film 
Sensitive area of 69 x 145 mm [2.71" x 5.71"]; Open area of approx. 85 % 


Dimensions / Weight 355 mm x 100 mm x 180 mm [14” x 4” x 7.1"] / approx. 0.9 kg [2 Ib] 


Window thickness/Active area 


This specification sheet is for infarmational purpases only and is subject ta change without natice. Thermo Fisher Scientific makes no warranties, expressed or implied, inthis praduct summary. 
© 2007 Thermo Fisher Scientific Inc. All rights reseved. LITRadEyeAB100-0-V1.1_14NovO7 
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Thermo Scientific’s newest RadEye instrument 
for contamination and dose rate measurements 


The perfect solution for 


° Civil Defence 

° Fire Brigades 
Hospitals 

¢ Nuclear Industry 


RadEye B20 / B20-ER ¢ Pharmaceutical Industry 


Multi-Purpose Survey Meter 


Features of RadEye B20 and RadEye B20-ER 
Light Weight (300 g), excellent grip with and without gloves 
¢ Rugged and compact design, thick rubber protective cover 


© Low cost of ownership with > 500 h operation time with 
2 AAA batteries — rechargeable NiMH-cells can be used 


¢ Menu-driven user interface results in low training cost 
and immediate familiarity 


© Huge internal data memory for both scaler results and 
continuous data recording 


¢ Bright backlit LCD display — plain text messages - different 


languages can be selected Order number: 4250685 
¢ Easy adaptation to different tasks by supervisor The RadEye B20 is a modern compact multi-purpose 
configuration, calibration, selection of measuring units contamination meter for alpha, beta, gamma and X-ray 
© Versatile operation modes: radiation. By virtue of an optional gamma energy filter, 


gamma dose rate measurements from 17 — 1300 keV can 
be performed. For emergency response purposes 

alpha and beta contamination can be discriminated using 
- Continuous ratemeter mode for frisker operation another optional filter. 


- Scaler / Timer with preset count and preset time for 
sample measurements 


- Dose rate mode The instrument is part of the growing RadEye family of 
high-end stand-alone meters, which are designed to 


¢ Audible indication: single pulse or chirper mode exceed the most demanding user expectations. 


proportional to count rate 


¢ Earphone output for operation in loud environment 


Part of Thermo Fisher Scientific SiG iE Na lsraleG 


RadEye B20 / B20-ER 


Accessories 


High precision, low energy test adapter for performance verification Order number: 425068571 


¢ 9gnatural Lutetium-Oxide with 50 Ba/g (1.4 nCi/g): 

non radioactive in respect to StrSchV and NRC 49 CFR 173.403{y) 
© Lu-176: half life 37,000 Million years 

- No error prone half life correction by the user 

- Check sources with short half-live are no longer required 
Extremely uniform activity content and surface emission rate 
© Identical surface emission rate for each check source 


Energy Filters 
© Removable energy filter for X-ray & gamma dose rate measurements 
in Sv/h or Rem/h from 17 keV. Order number: 425068582 
© Removable alpha-rejection filter for quick estimation of alpha contamination in emergency 
response situations. Order number: 425068581 


Car Adapter Interface Order number: 425067065 


¢ AAA NiMH cells can be charged in the instrument 
© Continuous monitoring in the car / fire truck with illuminated display 
RS 232 / USB / Bluetooth communication options 


First Responder Laboratory Kit 
Without RadEye: Order number: 425069011 


Pelican Case containing: 

© Sample changer for use with the RadEye B20 
© Sample planchets with different lip heights 
© Disposable gloves, spatula 

¢ 50 mm paper filters 

Space for: 

© Data cable 

User manual 

¢ Lutetium-Oxide test adapter 

© Additional RadEye (PRD or N) 


Detector 1 pancake GM-tube, window dia. 44 mm (1.7"), 1.8 — 2.0 mg/cm? 
Measuring Range (gamma dose rate) 0 - 2 mSv/h [0 - 200 mR/h] RadEye B20 
Uncompensated or with opt. energy filter 0 - 100 mSv/h [0 - 10 R/h] RadEye B20-ER 


0-10 kcps RadEye B20 
0 - 500 kcps RadEye B20-ER 


2.7 Efficiency (ref. to 50 mm diameter without rubber sleeve) | Am-241: 28%; Co-60: 25%; Sr/Y-90: 36%; C-14: 19 % 


Measuring Range (contamination) 


Energy Range (with gamma energy filter) 17 keV — 1.3 MeV 
Weight and maximum dimensions 300 g (0.7 Ib); 13 cm x 7 cm x 6 cm (5.2” x 2.8" x 2.4") 
Alarm indication LED, sound, vibrator 


This specification sheet is for informational purposes only and is subject to change without notice. Thermo Fisher Scientific makes no warranties, expressed or implied, in this product summary. 
‘© 2007 Thermo Fisher Scientific Inc. All rights reseved. LITRadEyeB20/B20-ER-e-V1.3_14NovO7 
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The perfect solution for 


¢ Civil Defence/Fire Brigades 
¢ Hospitals 

© Nuclear Industry 

© Pharmaceutical Industry 


RadEye G20-10 / G20-ER10 


X-ray and gamma survey meters for ambient 
equivalent dose and dose rate measurement 


Features of RadEye G20-10/G20-ER10 
¢ Fast response even below 1 pSv/h 


¢ Light weight (300 g), excellent grip with and 
without gloves 


e Rugged and compact design, thick rubber protective cover 


e Low cost of ownership with > 500 h operation time with 
2 AAA batteries — rechargeable NiMH-cells can be used 


e Menu-driven user interface results in low training cost 
and immediate familiarity 


e Huge internal data memory for both scaler results and 
continuous data recording 


e Bright backlit LCD display — plain text messages - 
different languages can be selected 


RadEye G20-10: 4250687 
RadEye G20-ER10: 425068710 
e Audible indication: single pulse or chirper mode 


proportional to count rate 
e Earphone output for operation in loud environment 


e Designed to meet and exceed IEC 60846-1 


The RadEye G20-10 and G20-ER10 are excellent gamma survey meters with a flat energy response curve 
from 17 keV to 1.3 MeV according to ambient equivalent dose H*(10). The RadEye G20-ER10 model covers 
the whole dose rate range from background to 100 mSv/h. 


The instrument is part of the growing RadEye family of high-end stand-alone meters, which are designed to meet the most demanding 
user expectations, 


Part of Thermo Fisher Scientific SiG lle Na ball 


RadEye G20-10 / G20-ER10 


2,0 


RadEye G20-10 and RadEye G20-ER10 
Relative Gamma Response for H"(10) 


1,8 


14,6 
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1,2 
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0,4 


0,2 


0,0 
10 100 


Accessories 


62 mm diameter, 7 mm height (aluminium housing) 
55 mm diameter, 3 mm height (Lu;03 ceramics) 


Time requirement for response verification approx. 5 min. 


Car Adapter Interface Order number: 425067065 
¢ AAA NiMH cells can be charged in the instrument 


¢ RS 232 / USB / Bluetooth commumication options 


Inductive RadEye charger Order number: 425067080 


operation of a RadEye G20-10 or RadEye G20-ER10. 


Detector 


Measuring Range (RadEye G20-10) 
Measuring Range (RadEye G20-ER10) 


Gamma test-adapter for RadEye G20-10/G20-ER10 (50 g Luy03): Order Number: 4254948 


Induced net dose rate for RadEye G20: 0.25 pSv/h (25 prem/h). 


In conjunction with the special battery lid (Order number: 425067034) and 
2 standard NiMH AAA-cells, the inductive RadEye charger allows permanent 


1000 10000 


E(kev) 


© Continuous monitoring in the car / fire truck with lit backlight of the display 


Special battery lid 


The RadEye remains galvanically isolated from the external DC-supply. 


Inductive charger 


Pan cake GM with multi-element energy filter 


0.01 uSv/h — 2 mSv/h 
0.01 pSv/h — 100 mSv/h 


Energy Range (ambient equivalent dose rate) 


17 keV — 1.3 MeV (+ 20%) 


Response 


approx. 4 cps / uSv/h (every meter is individually calibrated) 


Linearity 
Temperature Range 


www.thermo.com 
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- 9% to +11% 
-20°C - +50°C 


This specification sheet is for informational purposes only and is subject to change without notice. Thermo Fisher Scientific makes no warranties, expressed or implied, in this product summary. 
© 2007 Thermo Fisher Scientific In. All rights reseved. LITRadEyeG20-10_G20-ER10-e-V1.3_14Nov07 


USA: UK: Germany/International: 
27 Forge Parkway Bath Road Frauenauracher Strae 96 
Franklin MA 02038 Beenham, Reading RG7 5PR 91056 Erlangen 

USA England Germany 

+1 (800) 274-4212 444 (0) 118 971 2121 449 (0) 9131 909-0 


+1 (508) 520 2815 fax 


+44 (0) 118 971 2835 fax +449 (0) 9131 909-205 fax 


¢ Rugged and reliable 
¢ Menu driven interface - no manuals needed 
¢ Large, clear, backlit display for error free readings 


¢ High sensitivity to low energy gamma radiation 
in harsh environments 


¢ Durable - shock resistant design 
¢ 2xAAA batteries provide 600 h operation life 


RadEye G ; ¢ Built in vibrator alarm and earphone connector 
Personal Radiation Detector for operation in noisy environment 


¢ Low weight - only 160 g 


RadEye G - 

The next generation of radiation meters 

The RadEye G is a light-weight and very rugged instru- 
ment designed for quick and reliable measurement of 
gamma dose rates. Modern electronic circuitry guaran- 
tees excellent linearity over 6 decades of radiation inten- 
sity: from background level to 10 R/h - with overrange 
indication up to 1000 R/h 

The high-quality counter tube in conjunction with 
the non-metal instrument housing allows detection 
and reliable measurements down to very low 
gamma energies - a crucial feature in respect to 
accidents involving medical isotopes or Am-241 

(a component of smoke detectors). 

All essential functions can be easily accessed even while 
wearing protective gloves. The alarm-LED can be seen 
while the instrument is worn in a belt-holster. The instru- 
ment is also equipped with a built-in vibrator and an ear- 
phone-output for silent alarming or use in very noisy envi- 
ronment. 


RadEye PC-Software for training and analysis 
All settings and the data analysis can be done by an optional Windows™ -based PC-software and an accompanying reader device. Changes in configu- 
ration, occurring alarms and errors are saved in the RadEye memory. These events can be read out via the option "logbook" 

In order to allow retrospective analysis of any event, the latest 1600 dose rate values are stored in the internal data memory. For each time interval 
both the mean and the maximum measurement values are stored. 


RadEye G history data RadEye belt holster with RadEye dash board adapter for mobile 
openings for alarm-LED and area survey applications including 
earphone connector optional charging of the batteries 


Part of Thermo Fisher Scientific SCIENTIFIC 


RadEye G 


Large graphic display with clear prefix and bar-graph 


7256 uRVh 
fy tm | tcom 4g 


Background measurement Approaching a source Alarm level 1 exceeded 
Alarm thresholds - two triangles in the bar-graph Alarm thresholds - not yet exceeded “Alarm 1" sign and “speaker” sign show up 
Indication low Trend arrow indicates increasing radiation level Absence of trend arrow indicates stable 


radiation level - reading can be taken 
Menu Operation 
All factory-set parameters can be easily modified on the RadEye or using optional software. These menu operations can also be partially or fully 
blocked to simplify the instrument and to avoid any faulty operation. Navigation is made easy by a clear and intuitive user concept. 


© Rugged and reliable - Removable rubber sleeve for extra protection 
Large display for clear information 

Bright LED-illumination allows operation in smoke and darkness 

© Weighs only 160 g (96 x 61 x 31 mm) - true "pocket meter” 

© Top alarm indication - can be operated in holster 

© One hot and four advanced buttons - easy to use, no PC required 

© Low power technology - 600 h operation time on 2 AAA cells 
Rechargeable batteries can be used - low cost of ownership 

© Overload indication up to 1000 R/h - personal safety 

© 1600 data points (mean/max.) - allows retrospective analysis 

© PC-software with real-time graph - perfect for tutorial and training 
Adaptable user interface - can be optimized to application / user group 
Earphone output for noisy environment 

Alarm relay output - for area monitor application 

Designed to meet relevant NATO standards 

Designed to exceed ANSI 42.33 test criteria 


Detector Energy compensated GM-tube 
Measuring Range 5 yR/h - 10 R/h 
Overrange Indication 1000 R/h 
Energy Range (+/- 30 %) 45 keV - 1.3 MeV 
Thermo Scientific- a reliable partner of 
Count Rate for Cs-137 (662 keV) 17 eps per mR/h firebrigades and first responders worldwide 


This specification sheet is for informational purposes only and is subject to change without notice, Thermo Fisher Scientific makes no warranties, expressed or implied, in this product summary. 
© 2007 Thermo Fisher Scientific Inc. Al rights reseved, LTRadEyeG-e-VI.1_14NovO7 
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New pocket size 
neutron radiation detector 


suoneoyioads Jonpolg 


RadEye N / NL 
Personal Highly Sensitive 
Neutron Radiation Detector 


High sensitivity for neutron radiation 
* Rapid warning of neutron radiation fields 
* Applicable as an Area Monitor 
* Exceeds the neutron response requirements of ISO 22188 
* Ideal complement to passive and active neutron dosimeters 


160g lightweight with low power technology 
* Always ready for use - can be worn and operated in its holster 
Hands free operation with no restriction of personal mobility 
* Rapid scanning of changing field intensities 
* Detection of neutron shielding deficiencies and source presence 
* Ideal complement to Rem-Counters 


No spill-over from gamma radiation up to 10 mSv/h (1 R/h) 
* Ideal for verification of neutron fields when dealing with 
unknown radiation sources 


© No false “Neutron Alarm" 


RadEye N: #4250677 
RadEye NL: # 4250678 


* Can be used in high gamma dose rate fields 


‘The RadEye N / NL is the ideal personal neutron radiation indicator for 


* users of industrial neutron sources, e.g. in geology 
and material testing 


© operators and users of accelerators in medical 
science and research 


* radiation protection staff and inspectors of 
nuclear facilities 


© first responders and law enforcement officers 


Part of Therma Fisher Scientific SCIENTIFIC 


RadEye N/ NL 


The new RadEye N / NL closes a gap in the classical product spectrum of the radiation measurement technology. 
Rem-Counters for neutron detection with a He-3 or BF, tube are usually heavy and bulky since fast neutrons have to be 
moderated in order to be detected and to provide the correct neutron dose rate response. Low energy neutrons with their 
lower biological impact however have to be suppressed to a large extent. Dropping the demand for energy compensated 
dose rate response, a device can be built with one fiftieth of the weight and comparable or even a higher neutron 
response as compared to a Rem-Counter. 


The RadEye N/NL is normally worn in a 
holster. In order to use it as a hand held 
survey meter and to increase the efficiency 
for fast neutrons the RadEye N/NL can be 
put into an optional moderator with handle. 
# 425067110 


Features of RadEye N/ NL Re) 
* Rugged and reliable we 
* Removable rubber sleeve for extra protection 
* Large display for clear information 
* Top alarm indication - can be operated in holster 
* One hot and four advanced buttons - easy to use, no PC required 
* Rechargeable batteries can be used - low cost of ownership 
#1600 data points (mean/max. - allows retrospective analysis 
* PC-software with real-time graph - perfect for tutorial and training 
* Adaptable user interface - can be optimized to application / user group 
* Earphone output for noisy environment 
* Alarm relay output - for area monitor application 


Users (e.g. service staff) who travel on commercis 
both the neutron sensit 


airoraft should use the RadEye NL, with a He-3 pressure of 25 bar. In this case 
ity and the background effect is only half as much as of the RadEye N. 


Weight 160 9156 02) 
Dimensions 96x61 xT mm (A XZG TZ) 
Detector He-3 tube with 10 bar filing pressure (Radeye N) 


He-3 tube with 25 bar filling pressure (Rade NL} 
‘approx. 0.3 eps per ySv/h (3 ops per mAem/h) for C252, 
detects 0.01 jig Cf-252 in typically 2 -3 s for 25 om (10") distance 


Sensitivity when worn at the body (RadEye N) 


Background ‘approx 0,008 cps at 200m above sea level RadEye N) 
Gamma spil-over D2 eps at 10 mv {1 Fh Os-197 radiation 

Say aunt rate [eps] maving average aver TOs 
Mansuring unite Mean value and peak value over any time period 
Operation time (2 AAA alkaline batteries) 400 (Rade N), S00 (Rade NI) 


Teco het fr arsonl ues ry and sj a chnge itn, Tho Fit aime no Waa, exes ang rat ny, 
1 208 Tho Fr Sn, Mg ee, Tage ySV NL V8 OER 
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RMS-3 


Area Monitor 


‘Inexpensive, ful 
Featured area monitar 


‘© Radnet compliant 


‘Supports mast detector 
types 


© Optional integrated 
HP-270 or HP-290 probe 


Networked [RS-485, 
and/or Ethernet} 


‘© Windows™ hased 
calibration 


Part of Thermo Fisher Scientific 


Thermo Fisher Scientific offers an 
inexpensive Area Monitor designed to 
meet all ofthe requirements of dose 
rate area monitoring. 


The Model AMS utlzes a highly integral 
ad electronic package that promotes law 
sar up cost, operator friendliness, easy 
setup and quick calibration. Ths system sup 
ports a variety of diferent detector types 
inding 


HP-Z70 energy compensated GM tube to 
‘aver a dynamic detection range begrning at 
2 few wh to 3 (G0 mSu/h, 

HP-290 allows the FMIS-3 to be used upto 6D 
Ph. 

‘SPA or SPAS Nal) fer increased sensi, 
DDAT-1 (001 to 100 mA), DAT-6 0.1 to 
10.000 mf), DAY-BC fertility detect, 
anv the DAT-8 detectors when an operating 
‘ange of up to 1000 Fh (100 S¥/h or 
remote detector placement is requied, 
‘Automates check sourcing is support with 
these DAT-1 and DAS detectors 

SSWENDI cr the NAO fo neutron meriting, 
‘Alarms may be set anywes 
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re operating range of the detect. AN 
alpha-numeric, high visibility LED display 
gjves continuous update of current con 
tions. Visual indicators for High Alarm, 
Alert Alarm, and Normal present the 
operational status of the enti inst 
ment. A Sonalert bull nto the maritor 
provides audible waming anytime the 
alarm set pint has been exceeded. An 
alarm acknowledgment button located an 
the font pana allows uses to silence 
the speaker. 


‘The detector and electronics re 
‘enclosed in a resilient, splash proof enlo 
sure that is designe to take up 2 min 
‘mum amount of wal space. Installation 
a simple a8 hanging it onthe wal 
connecting AC power. Facilities using the 
optional ela of analog output capability of 
the RMS-3 will require ational wiring co 
nections via terminal block stip convenient 
|y located inside the bottom ofthe moni 


‘The RMS-3 area monitor uses an RS-2320 
communication part to permit connection to 
a PC running @ Windows™:based setup/ cal 
ibration program. This program pects tech 
nicians to fuly setup, calibrate and diagnose 
problems. Program features include auto 
matic generation of high voltage plateaus, 
alarm setpoint selection, three levels of 
password protection, and complete control 
overall peating parameters. 


SCIENTIFIC 


Complete Area Monitoring Solutions and Servi 


The RMS-3 can easily be networked oota an existing Ethernet system with the use of small seria-to-Ethemet converter. The Windows™ S8-b 
network PC Client software uses UDPY/IP communications and the new industy standard RacNet networking protacol, allowing multile area m 
tors as well as contamination ad air monitors tobe viewed by a cient anywhere onthe LAN. Theres no limit othe numberof clients that ca 
play the cuent status ofthe monitor as well asthe current reading. Multiple RMS-3s may also be networked via RS-485 ta a Windows™ has 
network enabled PC using optional RadNet Server software that places the information onto the LAN for access by RadNet clients. 


RMS-3 Specifications 


Range’ Background levels to 10,000 f/h (0.1 wSv/h ta 100 Sv/h) over any four decades usi 
various standard Thermo Scientific detectors 

Linearity £10% (using dead-time compensation) 

High Voltage: From 450 to 2,500 V de. 

Thresholds Upper and Lower Thresholds computer controlled (0.3 to 60 m\). 

Alarm Range: User-selectable over entire operating range (both Alert and High Alarm) 

Units: Measurement units are specified as text during calibration, 

Temperature: -40° to 60° C {-40° to 140° F} 

Size: 241 Hx 158.7 W x 127 mm 0 (9.5" x 6.25" x 5"), 

Weight: Nominally 2.3 kg (5 Ibs) without the detector. 

Power: 100 to 240 V ac, 50/60 Hz, 15 W max. 

PC Support Switch selectable RS-232 or RS-485 serial port using a DB-9 connector. 

Relay Contacts: 240 V ac @ 8 A resistive, normally open and normally closed available. 

Speaker Sonalert rated at 70 48 @ 60 cm. 

Display: 6.86 mm (0.27") high twelve segment high visibility LED 

Visual Indicators: LED's for High Alarm (Red), Alert Alarm (Amber), and Normal (Green). 

Push Buttons: Alarm Acknowledge 

Analog Output Optional 0 or 4 to 20 mA Logarithmic (jumper selectable). 

Also Available Check Source Activation, 

Options 


= RMS3 OPT2 TTL Logic level input (Required for use with DA series detectors} 
MS3 OPTS 4 to 20 mA or 0 to 20 V Logarithmic Analog Output 

- MS3 OPT4 High Alarm Flashing Strobe (Red) 
MS3 OPTS Wall Bracket with Handle 
MS3 OPTBA Wall Bracket for use with DAT-X 

- RMS3 OPT7 Windows™ Calibration Software Also Available: RadNet Networking Software and Hardware, 
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The MinAlarm 7-10 is a mains 
operated installed radiation monitor 
with an audio/visual alarm that can 
be set to trip at any point on the 
scale. Itis available with a variety of 
probes to suit different monitoring 
requirements. 


MinAlarm 7-10 Series 


Installed radiation alarm monitors 


* Local and remote alarm 
indications 


+ Wide variety of available 
probes 


+ Battery backed mains 
‘operation 


The MinAlarm models are simple, lamps. There are also connectio 
tough, metal-cased monitors for bench alarm relay contacts and an anal 
cr wall mounting. output for remate indication of alarm 


status. A sel 
The semi-logarithmically scaled meter no 
has an open scale at the lower end to 


table latching 
latching alarm facility 


included. 


Checks and safeguards on the 


MinAlarm robe failure 

alarm, for both the 
Alarms, which can be tripped at any internal cicuit and alarm, and an 
point on the scale, are indicat internal lead-acid battery to provide 
aueibly and through 50,000 hr operation in the event of a mains 
solid-state visual alarm condition failure 
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System Specific: 


MinAlarm 7-10R Mindlarm 7-10RL 
t 

iar alee The meter is scaled over the range Compensated G-M tube MC20 with 

MinAlarnis 7-106'6. 71061, 0.5 to 5000 \iSv/h (0.06 to 500 an energy range of 50keV to 

The 7-106 is a sensitive instrument meyh), The MC10 compensated 1.25 MeV. The meter is scaled from 


using the MC7O GM tbe-The Ga ube has eset energy range 01 0 1000 Suh (1.05 to 100 
meter is scaled over the range 0.05 from 45 keV to 125 MeV and mf) with emphasis in the 1 to 
to 75 uSvih (0.008 to 75 MAVHI.The above. It is not recommended for 10 pSv/h (0.1 to 1 mR/h) range. 
Useful energy range is 85 keV to ronitaring Xracation from itis not recommended for 

1.25 MeV and above. The 7-106L apparatus operating belaw 75 kVp. monitoring X-radiation from 


Uses the MC71 low inherent 
apparatus operating below 75 kV} 
background G-M tubs and is pe ee P 


intended for environmental Mindlarm 7-12 
monitoring These models re not TH® 7-128 8 special version that Nommambient dose equivalent 
Hea ogatecstel (H*(0) versions are available as 
Suitable for monitoring Xvadiation. lows the robe to be sited up to {H™(10) versions, 
500 m (1840') from the instrument. e Mm ote, 
Four matching probes are avaiable, 
Minar 7c The MC74 covers the range 0.05 Additional features 
The meteris scaled 1 102,000 
eee een At tdeoe and Sw 1075 uSvfh To augment the visual alarm, a red, 
MC75: 0.6 uSvih to 1 mSv/h high intensity xenton beacon can be 
scintillation detectors from the Mini MJB. ugvmto' mau end mounted on top ofthe case fo give 
range. Scintillation probes from MCE: BU ae 360° viewing. Te audible alam Is 
other manufacturers may also be The energy response of these __—_also replaced by a high output unit 
need probes is 85 keV to 13 MeV +30%. 
ese nespene ete Cs coe gos tae Cs cys meine lat 
om : _ Mm ‘ 38 mE T 
Ti r Pir) ery oot + 
rit ==: 4 tH 
Heat F10| PH biol + t 
ihm i at He ‘i 
cot H 20, f Hl Lal H+ 
Ht t | : : 
Seto sao ndos ee 1 ae bo sho 1800 
‘Weight: 25 kg (5.5 Ibs) 
Sue TeH422 Wx 15 Demo" H x8" WxBS" Woe 
Mains supply {ots 120/200 10 240VAG 80 10 80H apron 1 Was 
Backup ball Seale Wad at, 12V 1.1 A 
Miter tarain tne Set to matn sci ange 10 10 for BRL 20 for G0 TOO fer St 
Ratton detector Filoger quenced Mi ube or sentation probe 
Detector spa S001 TeHOY, aust inal 
Dveladprtenon No metr Tabs wit inst a est 10 tines ax eae Teadng 
Detector ation Fahad to Minar or vais (107th tama 
Auge aa 90 daa 3 em 400 Hz 
inlestor pe Dia large aea ED panel amps shaving green of ed when pp 
Detector anergy response: ——The esponse of pes G/GL and Rave show above Ustra Ui raps was spo by NAP 
tat eng The detetor cai enh noma 3m 107 Langer eale leg, pa maxima of 50 (140 
are nly vale inthe -12 versio 
aT TAT TOT OORT TTT 
Frabe ocaton Upto Soo (16407 om natument 
Detector otage 0 to TE00V proce by per sity mounted witin robe housing 
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MATRIX MRDS is an area threat 


detection network that provides g 
real-time detection, analysis and 

location of radiation threats/incidents E 

within a large area = 


M A TR IX — MRps™ 


Real-time Mobile Radiation Threat Detection Network 


The Matix MRDS (Mobile Radiation 


Pes 


Matric MOS ensues ators 


a in fied ar 


Benefits: The 
* Contralization of radiation threat information from multiple sources 
‘ Datacs, anayzos and locates al pasible radiation threats 


lave MRDS sy 


apacty to integrate an ulimit 


* Highly configurable: fixed, mobile or venue-driven umber of sensors through exp 
‘modules. The realtime tveat 

+ Rugged and secure wireless network sessment canbe determined over 

‘Highly sanstve probes provide fast detection af hidden 

radioactive sourens larg ara via witless communication 


* Greatly reduces innacent alarms with NBR tec! 
+ Solf-diagnastic capabilities 


‘Expandable platform over 40 datectors incorporates Natural Back 
Rejection (NBR technology, great 

Applications eee 

sManicpattis + chomical pa reducing innocent alarms by 

‘Nuclear plants * Spocial ov istinguishing between natural 

‘crtical acitias , 

- Highly sensitive probes provide fst dot 

Therma’ ul Tine of aati probes offer ancraled adioctve sources. The Matix MROS 
imponatable radia wich covers the 1 @highlstaabo, exe platform which 
omplte spectra of tadiation souces MoWiles a clear path to addtional contra 
that ight be oan area Our detector dataton and analysis as it ean be quick 


rotwark can bo extabiishad ina ad or mai 


‘modo, which can be configured and configu 


pending upon your detection object 


Fully Integrated GPS Capabi 


SCIENTIFIC 


Part of Tharmo Fisher Scientific 


Complete Mobile Radiation Detection Solutions 


The Matrix MADS offers full exibifity wth prabes that can be either set Ina fixed configuration (Le. ridge) ar mobile. maunted on 2 
van) with no modification necessary. Additional types of detectors are being developed to detected chemical and explosive threats. 


MATRIX MRDS Capabilities and Specifications 


lAdvanced Imbedded Wireless Technology 


Unaided signa distribution upto 1 mile wirloss, aided signal unliitad aroa 
Data uplink capablties via WiFi Technology 
Wireless, diract, and hardened connectivity 
+24 Giz, socure, binary communication 
Uilizes the mothodology of spread spectrum ansmission 
+ Allows signals to bo spread over multiple frequencies for distribution over a larger set than would be used in 
conventional radio transmission. Resulting in raduced vulnerability to muli-path fading, intrfarence and jamming 
* Methodology dolivers a twang ovar-tho-ar protocol particularly wel suited for challenging, sprawling or 
lectrcaly noisy sotings 
+ Error-ree Data: 24-bit cyclic redundancy check (CRC) and automatic repeat request (ARO) features seamlessly detect errors and 
aquest transmissions as neaded, ensuring accurate network data 
‘This wehndlogy has repeatedly proven to be supariar to athar communication protacals such as B02.1T i areas such as 
Coverage 
* Quality of signal 
+ Intogrty of Data 
* Loss suscoptble to intarerance 


Detailed Capabilities 


Detects, locates, and monitor any typeof artificial radiation sourcos 
* Complatlyintagrated radiation detection probes 
Nautron Probe 
NBR Probe 
* Capable of dotacting and monitoring radiation sources ranging from 20 KoV to 1500 Ke, 
Includes Weapons Grade Plutonium, Enriched Uranium, Cosium, Cobalt 60 & 7 and highly shielded medical waste 
+ Incorporatos Natural Background Rejection Technology o olminata natural radiation sourcos from the teat matrix 
ioal-tine data 
+ Complately customizable alarms sating forall activitos 
Romote system diagnostics 
All data avaiable in ArcView 33783, 


Detailed Features 


Ruggod design 
+ Complote vibration and shock tstod 
‘Matipie power options 
* Battary power upto 3 hours 
Incorporating Smart Battery Managment Technology 
+ Vehicle AC power enabled 
Detects locates, and monitors any typo ofaificial radiation soureas 
Ease of maintenance 
+ Modular change out of all wireloss communication companants 
Fully integrated GPS accurate up to'3 maters (98 
Solf- diagnostic capabilites incorporated 


the propery of Tero Fh 


OSS age, Garay 94013 A ta 

Bath Aun, Behan, aio ean 2121 

ag FT Unie Kigdon (0) 18971235 weneutherma.comirmp 
Fern, MAE USA 6 fn 


A one time investment 
with unique advantages 
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Lutetium Test Adapter [110 cm2] 


for large area beta contamination probes 


* Inherently homogeneous surface emission rate 


© Emission rate 0.8 beta particles per cm?-s 
— perfect for training and calibration 


* Same emission spectrum for every test adapter 
* Same emission rate for every test adapter 
* No half life correction required 


* Robust — 
scratch proof high density ceramic surface 


© Natural Lu,0, (< 50 Ba/g Lu-176) 


* Affordable and traceable # 425068371 


* 110 cm? = exceeding detector area 


Conventional test sources for beta contamination monitors suffer from a number of inherent problems: Every souree is an individual 
and unique item regarding activity and surface emission rate. Sources from different manufacturers may have different spectra from 
the emitted particles depending on the production process. Furthermore large area test sources may have variations of the emission 
rate over the different sections of the surface and in many cases the user needs to correct for the decay of the radioisatope. The thin 
active surface is always a delicate part of the source. 


Lutetium test adapters contain the isotope Lu-176 with 3.8€10 years half-life and a natural abundance of 2.6 %, which yields 
a specific activity of approximately 50 Bq/g of the pure element Lutetium. The unique feature of using a chemically pure bulk sub: 
stance containing the radioisotope in its natural abundance results in a totally constant and homogeneous surface emission rate 
Each and every source of the same surface area has the same beta emission rate, regardless of small variances in the thickness of 
the Lutetium-oxide ceramics, Furthermore, due to their natural arigin and low specific activity, in respect to many national regulations 
these adapters are not considered as radioactive material. These new test adapters can contribute to a reduction of calibration cast 
and instrument downtime, as well as to an increased user confidence and familiarity with “his” or “her” instrument. 


Part of Thermo Fisher S SCIENTIFIC 


Test Adapter 


RadEye AB 100 
Beta Absorption Curves corrected for Gamma Contribution 
120% 
- £ 
100% == Lutetium 
> Cs-137 
80% = 
= Co-60 
2 60% =: 
40% t : { 
20% 
22 + 
0% “s + + 
o 10 20 3 40 50 60 70 80 90 
mgiem* 


Absorption measurements show that the beta emission spectrum is right between Cs-137 and Co-60 
The calculated effective maximum beta energy ofthe thick Lu,0 layer is approximately 480 keV. 


‘Aluminum 

Beta max. energy? The actual beta and conversion —_ Conversion electrons (> §0 keV, > 1 %):* 

Energy [lo keV[s09 kev] Clectron spectrum is broadened = For ray yaa kav [1a Kev] 1 FeV] 19 KEV 24D FeV O56 Fa] 
eray [en key eV) and shitted to lower energies mtay FTN e poy EE eV 

Emission] 03% [581 %| due to energy loss in the LuyOy Emission] S% [11% | 1% [75% [18% [40% | 18% 

X-ray and Gamma fines: MM material Technical data: 


Energy | S0eV | 54 REV [55 FeV [ET KEV [BB REV [AUT REVISOT veYAOT FeV] © [Weight] 2009 total, theraot 80 gL, 
Emission] 23% [94% [tos%|oo%| ae [au |e [oes] f— TZamx Dom KOS om Taal 
Size 74cm x 148 om Lu,0), surface 


Test adapter for pan cake probes # 425068571 
Acrylic glass housing: 50 mm diameter, 3 mm height. 
LujQ, ceramies inlet: 40 mm diameter, 1 mm height. 
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Lutetium Test Adapters 


Part of Thermo Fisher Scientific SCIENTIFIC 


Thermo Scientific Lutetium Test Adapters are a real smart alternative to conventional 
check sources and offer a lot of unique advantages to our customers using radiation detec- 
tors. 


¢ A3.7E10 year half-life means: 
- no need for error-prone half-life corrections 


- no need for reoccurring purchase of the (decayed) check sources 


e The adapters provide a highly reproducible and uniform 
activity content of 50 Bq/g (1.3 nCi/g) 


e All test adapters of the same type have virtually the same activity! 
e Beta-type adapters provide nearly identical surface emission rates 


e The design of a special shape enclosures and high density Lu,0, 
ceramics minimizes the required activity for small size detectors 


Conventional test sources for radiation monitors suffer from a number of inherent prob- 
lems: Every source is an individual and unique item regarding activity and surface emission 
rate. Sources from different manufacturers may have different spectra from the emitted 
particles depending on the production process. Furthermore large area test sources may 
have variations of the emission rate over the different sections of the surface and in many 
cases the user needs to correct for the decay of the radioisotope. The thin active surface is 
always a delicate part of the source. 


Thermo Scientific Lutetium Test Adapters contain the isotope Lu-176 with 3.8E10 
years half-life and a natural abundance of 2.6 %, which yields a specific activity of approx- 
imately 50 Bq/g of the pure element Lutetium. The unique feature of using a chemically 
pure bulk substance containing the radioisotope in its natural abundance results in a to- 
tally constant and homogeneous surface emission rate. Each and every source of the same 
surface area has the same beta emission rate, regardless of small variances in the thick- 
ness of the Lutetium-oxide ceramics. Furthermore, due to their natural origin and low spe- 
cific activity, in respect to many national regulations these adapters are not considered as 
radioactive material. These new test adapters can contribute to a reduction of calibration 
cost and instrument downtime, as well as to an increased user confidence and familiarity 
with “his” or “her” instrument. 


For more information please ask for a special paper: 
“Test Adapters Based on Natural Lutetium - a Discussion of Benefits versus 
Conventional Check Sources”. 


Beta/gamma test adapters 


High precision, low energy test adapters for performance verification 
of the RadEye B20 and other instruments with pancake detector. 
utetium Test Adapter with 9 g Lug03: # 425068571 
50 mm diameter, 3 mm height (acrylic glass housing) 
40 mm diameter, 1 mm height (Lu903 ceramics inlet) 
ypical net count rate for RadEye B20: 6 cps 


est adapters for large area beta contamination probes with 
an inherently homogeneous surface emission rate of 0.8 
particles per cm?.s - perfect for training and calibration. 
Lutetium Test Adapter with 80 g Lu703: # 425068371 
Size: 120 x 200 x 5 mm total; 

10 cm? (74 x 148 mm) Lug03 surface. 


Please ask for a detailed data sheet! 


Gamma test adapter for RadEye PRD 


Special shaped lutetium test adapter to match the 
RadEye PRD housing. 


Lutetium Test Adapter with 36 g Lug03: # 425067071 
Typical net count rate for RadEye PRD: 100 cps 
Indication of “low energy” NBR alarm. A carrying case 
is included. 


Gamma Specra(CZT-delectan, normalize to 307 keV 


Universal gamma test adapter for portable scintillation Oe 
detectors and gamma spectroscopy Se oan 


Lutetium Test Adapter with 50 g Lug03: #4254948 i 


62 mm diameter, 7 mm height (aluminium housing) T : 


Typical net count rate for 2”x2" Nal(Tl) 
detectors: 300 cps 

Immediate identification of “artifical” 
NBR alarm for FHZ 672 E-10, 

net dose rate 30 nSv/h [3 uR/h] 


| 
| 
55 mm diameter, 3 mm height (Lug03 ceramics) | 


Gamma test adapters for Thermo Scientific radiation portal monitors 
FHT 1388 - FHT 1386 - SGS1 - SGS Il - ASM 


Benefits: 
* Challenge (response test) your system with a realistic “source” for best performance 
¢Determine detector degradation by measuring effective scintillator clarity 

with a realistic “source” 


* Optimize your system setup parameters 


Lutetium Test Adapter with 100 g Lu703: #4254949 

Dual disc design, can be mounted directly to the ‘ © 
FHT 1388 area detectors (plastic housing). —~ 
171 mm length, 61 mm width, 17 mm height (aluminium housing) 

2x55 mm diameter, 3 mm height (Luz03 ceramics) 

ypical net count rate for large area detectors: 1000 cps 

immediate identification of “artifical” NBR-Cs alarm for FHT 1388 

versions and FHT 1377 PackEye. Including carrying case. 


Lutetium Test Adapter with 100 g Luz03: # 425494910 
Same as above with holder for monitors with metal enclosure 
(ASM/SGS installations). 


Lutetium Test Adapter with 200 g Lu703: #4254950 | = 7, 


Quattro disc design, can be mounted directly to the © ) < 
FHT 1388 area detectors (plastic housing). The adapter 7X 
is recommended for locations with higher background. 
4x55 mm diameter, 3 mm height (Lu703 ceramics) 
ypical net count rate for large area detectors: 2000 cps 
immediate identification of “artifical” NBR-Cs alarm for 
FHT 1388 versions. Including carrying case. 


Lutetium Test Adapter with 200 g Lu703: # 425495010 
Same as above with holder for monitors with metal enclosure. 
(ASM/SGS installations). 


This specification sheet is for informational purposes only and is subject to change withaut notice, Thermo Fisher Scientific makes na warranties, expressed or implied, in this product summary. 
© 2008 Thermo Fisher Scientific Inc.All rights reserved. LTLutetium Test Adapters-2-V1.2_14Jan08 
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The Thermo Scientific FH40 based 
K-0 kit offers the complete suite 
of ra ion detectors to monitor 
lentify any type of ra 
or radioactive mat 
preventative scenarios as well 
‘as emergency situations. 


Thermo Scientific 
FH4O K-O Kit 


Emergency Radiation Detection Kits 


The high performance FHA0GL multi-purpose a high-sensitivity, large-volume NBR detector 


survey/ratemeter is the heart of the system, is also included, along with an extending 


Ithas an internal proportional detector to _teleprobe for sensitive or high level 
we. To identity 


measure doserat nd-alone mode, or 


Features can be connected with the included range defining form 
* Rugged construction of smart plug-and-play external detect of response required to a radiation event, 
# Easy tou The FHAQGL can simultaneously work an identiFINDER®* handheld Radioactive 
+ Complete radiation re with any of these detectors and continue a FLIR System, Inc 

* Monitors Alpha, Beta, Gamma monitoring the area gamma doserate. identiFINDER can be 
and Neutron radiation The external detectors in the K-0 kit are ctor for impraved 
* Identifies and classifies radioactive isotopes for monitoring Neutrons, Alpha and Beta jution and identification capabilities 
‘System utilizes plug-and-play smart probes contamination and Gamma radiation This complete kit comes inside durable 
ion surveys For the most chal earch-and-find eatherproof cases with all the required 


cable via wireless module tasks without e false alarms, chargers, cables and software 


Therma Fisher Scientific SCIENTIFIC 


Specifications 


The Thermo Scientific FH4O K-O Kit includes the same items without the ldF-NHG+ or IdF LaBr, for those organizations who do not need, 
or already have Radioisotope Identifiers 

Other probe options are available and specific probes can be added or removed as required; however, the specified probes have been 
selected to give the emergency responder the best performance for the likely range of radiation emergency scenarios 

The Teleprobe (telescoping adapter) can be used with many of the included probes. The adapter extends to 4 meters (13 feet), enabling 
the user af the probe to get close to any difficult-to-reach area, such as under a vehicle, to perfarm the most sensitive search and survey 
possible. It can also be used in a high doserate area to measure the radiation source closely, while keeping the operator ata safe distance 
The FHA0GL will display to the operator both the higher probe doserate at the end of the pole close ta the source and the lower safer 
doserate where the user stands, Live data can be exported from the FHA0 via an optional wireless module 

This may be networked using the Thermo Scientific ViewPoint System or the Lifeline System from Safe Environment Engineering, 


‘Thermo Scientific Teleprobe FH40 TG 


Thermo Scientific FH40 K-O Kit 


The Thermo Scientific FH40 K-O Kit includes the following items 

2 x 4254004 -FHAOG-L ‘Multi-Purpose stand-alone Surveymeter and Ratemeter used with plug-and-play probes. Doserate range of internal 
detector 1 uR/h to 100 /h. Energy range 36 KeV to 1.3 MeV. All readouts an the FH40 automatically set to the units 
and range defined by the attached probe and all calibration parameters are set automaticaly 


TRASAONE ‘Spiral cable for plug and play probes: 0.3 m{17.B in], stretches to 12 m 47-25 in). 
‘a5aa6 - FAZTIZ Aipha/Beta Ts en? Pancake Geiger Probe for detecting radioactive contamination. Includes sturdy protective nylon bag 
‘IBATHO-FAZIZ ‘ipha/ beta contamination scintillation probe, T00 cm, additional LED indication of detected alpha radiation atthe probe 
‘9250086 -FHZBTZE-TO High sensitivity NBR (Natural Background Rejection) search probe. For sensitive detection of artificial sources in 


fluctuating natural radiation fields. Simple red-green alarm system assists with effective search procedures. 
Energy range 48 keV to 13 MeV to H*10 


‘BATS -FATTBISHD High sensitivity neutron detection probe, fits n Teleprabe 
‘9754028 -FAZBIZA High sensitivity 3.81 om x81 em (15 mx 1. in) Nal Gamma probe, fits i Teleprobe 
IBS - FHAOTE Teleprabe (telescoping adapter Tor FHAU plug-and-play probes, individually calbrated mcluding dose rate detector 


FHZ612 (4254052 and protective cap (425405114) 
Rugged aluminum case for FHAOTG teleprobe and plug-and play probes, approx SOx Tox 1S cm(354x63x 59 in] 
Protective cap for FHZ BT2/S12A 

Protective cap for FHT 752 S/SH, Recommended for use with telescopic pole 


254026 Data interface cable (USB) for FH@OG or Radke desktop holder 
(a75A0SSOT FADE Configuration and data software. 
FHADG Calibration Software 
FHANGOPTE FHaD and probe heavy-duty canvas carry case 
TDENGH TdentFINDER Handheld Isotope Identifier MCA with Hed Neutron Detector. 356 cm x5.08 em (1 41n x20 in) Nal detector, 


high range GM, hoster, battery charger, data interface cables, data transfer software, and winTMCA analysis software. 


Optional identiFINDER LaBr model available on request 


COPLIT ‘Wheeled Weatherproof #1750 Pelican Case, houses complete Kit apart trom Teleprobe 
PreoTs Custom Foam insert to protect al kit tems in Pelican case 
2011 Thro Fisher Seine 
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The IPM89 provides fast, thorough 
body monitoring with outstanding 
capabilities. It detects radioactive 
emissions over the whole body, 
including head, hands and feet. 
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IPM9 


Installed Personnel Monitor 


Fast monitoring with 
total coverage 
ory high whole body 


sensitty The IPMS is available in two physical monitor both sides ofthe hand 

+ Easy to operate, formats -the closed cubicle IPMGA and the simultaneously. 
eens pen IPMQD. A choice of thin window, gas 
saintain flow detectors rugged, sealed gas detee- The instrument simultaneously maintains 

+ Advanced detection tris abl, totes with ganna ‘Nigh sna and isan set 
algorithm scintillation detector options. throughput. A proprietary detection 

+ Automatic background algorithm continuously caleulates and 
subtraction The two-stage monitoring procedure applies the minimum monitoring time to 
Robust construction, provides consistent body sensitivity forall achieve the preset sensitivity. adapts 
comfortable fr users user sizes. Users are guided by external automaticaly to background changes, 

+ Minimal raining for traffic lights, internal LEDs, a colour graphic enforces high preset confidence levels, 
staff and usors display and (optionally) voice prompts vs very low false alarm rates and 


Comfortable, easy to operate sensor recagnizes detector cantamination 


‘ensure corect positioning and guarantee 


‘monitoring integrity. Large area detectors, Other standard features include 
with minimum ‘dead’ areas between imenu-thiven setup (no Pl 

adjacent detectors, give optimal body customizable alarm m 

coverage. Hex-gils ensure maximum plug-in ciruit boards for easy maintenance, 
transmission and strength. SpringJoaded —_data-logging of results and radon rejection 
hand detectors fr maximum efficiency, ‘facility, 


Part of Thermo Fisher Scientific SCIENTIFIC 


Options & Spe 


Detector Types 


Gas Flow detectors (Standard,  & B) 
These A/CH, detectors ae extremely se 
sitive and have no internal dead areas, 
‘Ther thin windows are protected by strong, 
fine hex-mesh gills, giving maximum 
strength vs. sensitivity factor, with 75% 
transinission. Flat plateau responses to all 
normally encountered ot orf emitters 
quarantee stable long-term sensitivity and 
maximum gamma background rejection. 
Sensitivities 


a (Am) 240 dpm 0.04 Balen? 
B (Cs). 2400 dpm 04 Boje 
B (Co) 5000 dpm 1.0 Bgjem 


Fi 
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in a lr po es 
Sealed Gas detectors (Optional) 
‘These Ar/C0, detectors are mechanically 
interchangeable with standard gas flow 
detectors. They are permanently sealed and 
rugged, with § mg/cm titanium windows, 
‘Their beta energy response extends dawn, 
to'"C energies (157 keV), Ar/CO, detectors 
ae insensitive to alpha, less affected by 
radon, and have high gamma background 
ejection, 
Efficiencies: sua emission, fom age surat 
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Integrated Gamma detectors (Optional) 
There are two avaliable configurations of 
additional gamma scintillation detectors, 
‘The passive internal monitor (PIM) option 
provides a lung/nasal/pharyngeal/qut 
gamma detector, plus lead shielding, 
‘mounted behind the body detector airay. 
‘The ‘ful’ gamma option provides six large- 
area body detectors with lea shielding 
behind the standard body detectors, plus a 
gamma foot detector. On the IPMSA, two 
Additional hand detectors are installed in 
the back wall 


Options 


Small Articles Monitor 
‘This option provides convenient 
self-monitoring of tols, personal items, 

et,, and is avalable in bath elpha/beta and 
alplia/beta/gamma versions. 


‘Alpha-On-Body 
Extra alpha channels analyze the body and 
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head detector signal, providing whole body 
alpha monitoring. 


Barrier Control ((PM9A ony) 

Ful-height, polycarbonate glazed doors 
[illustrated overleaf offer increased contol, 
security and quality assurance of monitoring 
workers and personal items. Available as 
solo exit door ar entrance and exit pat. 
Handing and window options are available 
Tutnstile operation is also supparted 


Alpha Overhead Detector (PMA ony) 
The IPMS auto-etractng overhead detector 
increases top-oFthe-headsensiviy to 
alpha and beta emissions. The ser pulls 
the counterbalanced detector down to suit 
their eight. tretracts automatically when 
monitoring is complete 


Additional Gas Flow Foot Detector 
Increased probability of detection, by moni 
toring each foot twice. Foot coverage can 
be maintained, even with one damaged foot 
detector 


Voice Prompts and Display Languages 
Spoken user prompls ae available in many 
Fanguages, elther as a single language ar 
selectable multiple languages. 

English, Freach, Spanish, Portuguese and 
Crech display languages are included as 
standard, bul others can be installed an 
request Disolay languages can be selected, 
from up to four installed languages, via the 
‘optional push-buttons ar rtary switch kits 


Last Results Recall 
This option provides a "hot button’ that will 
recall the last measurement result and 
tispay it by detector (as apposed to the 
standard mannequin display). This saves 
Valuable time during daily source check and 
‘when confirming or quantifying alarms. 


Networked Date-logging & Control 
system 

The [PMS Surllance sytem remotely 
monitors PM staus and ve measurement 
ress, providing ers ipa and 
tateloggn ates Matple scan be 
carta S485 net to thea 
cant oud an named ne sore PM 
tonitring results ae displayed ive’ by 
detector layout Rests ean be selectively 
logged and stor na tard datas 
finial PM setup menus canbe 
viewed on-screen and setup parameters 
tan be remotely edited 

Extemal LED 

Anexteralymounted LCD display is 
availabe forthe PMA, 
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Check sources 
‘Arange af point sources and check source 
jigs are available to aid setup and routine 
checking, 


Key Specifications 


Gas Flow detectors 
18 body detectors, 4 for hands, 1 or 2) for 
feet and 1 forthe head (PMA option only) 
Window 0:9 mg/em* 

Gas: 925% Argon, 75% Methane, Other 
gases possible. Connection via a bulkhead 
fg to accept a 3mm interna ameter 
tuk 


Sealed Gas detectors 
1 body detectors, for hands, 1 (or 2) for 
feet and T forthe head PNA option ony. 
Window: 5 mg/em 

Gas: Argon 


Scintillation Gamma detectors 
Lead shielding: 20 mm (0.75°) 


Monitoring time 
Autotime: To 100s in 1 steps 


Background Update Time 
100 s rolling average 


Precision 
Defined by keypac-entered parameter 
Probability of false alarm: between 0.1 and 
10 standard deviations 

Probability of detection: between O and 10 
standard deviations 


Construction 
Self-contained free-standing metal cubicle 
with fork truck iting paints, 


Power Requirements 
85 ta 264 VAC, autoranging. 47 to 63 Ho, 
360 VA max. 


EMC Compatibility 
IPMQs are CE marked and LVD compliant 


Dimensions 

IPMQA:2290 H x 1130.W x 1000 D mm 
(90° Hx 445" W x395°0) 
plus 160 mm 6.3") per door 

IPMoD: 2250 H x 1100 W x 875 D mm 
(@B.5" Hx 435° Wx345" D) 


‘Weight 
410 kg (900 Ib) approx. net without gamma 
‘or scintillation options. Shipping weight, 
$580 kg (1280 Ib approx 
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identiFINDER’-U 


Ruggedized, Underwater Hand-Held 
Radioisotope Identification Device 


* Coast Guard, Navy and Marine 
Interdiction 


* Underwater covert operations 
* Transportation safety 

+ Emergency response 

* Waste monitoring 

* Contamination monitoring 


* Environment control 


Part of Thermo Fisher Scientific 


The identiFINDER®-U* hand-held 
instrument, a FLIR Systems Inc. 
product, is used to find and identify 
radionuclides in harsh environments, 
employing gamma spectrometry with 
doserate display, accumulated dose 


display, source finder and automatic 
nucli 


identiFINDER-U is a user-friendly instrum 
that distinguishes man-made and natural 
isotopes and combines high sensitivity with 
a wide dose rate range. The instrument is 
2 dual purpase design to facilitate locating 
missing or offending sources and then 
identifying the source via its gamma 
spectrometry and nuclide identification 
capability. IdentiFINDER-U employs a 
unique approach of template matching for 


mo 


accurately identifying shielded and 


unshielded soure 

The identiFINDER-U is a complete digital 
gamma spectroscopy and dase rate system, 
It integrates multi-channel analyzer, amplif 


er, high voltage power supply, and memory 
with an integral scintillation detector 

The identiFINDER-Uis suited for remote 
applications, advanced warning systems, 


hazardous environments and nuclear inven: 


tory monitoring, tis used with a standard 
12 x 1.5" (30 mm x 38 mm) Nal (Tl) detector 
or CZT detector. 

A built-in ™Cs reference souree (< 600 
Bg/15 ni) is used for online stabilization 
and in-situ calibration without user 
interaction, This special identiFINDER-U 
feature allows operational temperatures 
between -15 and 55 °C (4 10 131 °F) and 
large temperature gradients, The instr 
aterproof to 1 atm (10 m (33'}), and 
the integrated display and three pi 
button operations provide easy handling 

Connected to a desktop or notebook PC 
through a water-tight connector, There is no 


pent 


need to open the instrument to change the 
battery or dawnload to PC, Up to 60 spectra 
of 1024 channels can be stared in the unit 
and directly transferred to any PC far 
further advanced analysis, 


SCIENTIFIC 


identiFINDER-U Digital Spectrometer 


identiFINDER-U Specifications 


User Selectable Nuclide Library 
More than 72 reference spectra of gamma nuclides are categorized based on their main practical occurrence, including 


Medical "p=, an: PST 
On Site inspection (OSI ™Ba; "Cd; "Ca; "Ce; ™Y; La; "Mo; Nb; Nd; Pr; Ah: "Ru; Sb; Te; Xe" Xe; Key ™KeZr 

Nuclear: Pus =U; Np 

Industrial: rag "Am, "Ba; “Bi Cd; CoCo; #Co; Os, Cs, Cr MEU Er Fe, lr °K! Mn; "Nas Ray "Sel TH-292, PU Zn A 


Ag, "Be; Bl; “Bl: Ce, HY; 


'=1; Min; Pb; "Au; ™Sb; Sb; *TI; *Y; Annihilation Radiation 


‘The operator can choose from 6 categories (Nuclear, Industrial, Medical, Customs (Medical, Nuclear and Industrial combined), OSI and USER} 
All subrlbrares, except the OSI library can be edited by adding or deleting specific nuclides from the list. 
Ten (10) reference spectra can be measured by the user and added to the predefined library spectra, 
Identification is done by a template-matching correlation procedure 


Features 

Functions Nuclide identification, spectrum analysis, dase rate calculation, total dase display, source 
finding 

Integrated electronics: Multi-Channel-Analyze, PMT preamplifier, spectroscopy amplifier, pawer supply 

Integrated detectors: 31 x 38 mm (1.2 x 1.5") Nal (Tl (standard 

Optional: Standard: He detector for neutron indication 

Physical Dimensions: 

Weight "340 g 2-95 Tbs) with 30 mm x 38 mm (1-2" x 1.5") Nal and batteries 

Temperature ranger -15 to 85 °C (4 to 131 °F) 

Protection ‘water proof to 10m (33') or T atm, dust tight 

Protection class 1P6 

Durability ANS! Standard (10 x 50 g aver 18 ms in 3 orthagonal ais) 

Dimensions 230-x 90 70 mm/(9" x35" x 275") 

‘Spectrometry System Specifications 

Detector Type Nal, CaZnTe 

HV-Blas: 50-1275 V selectable 

Shaping ype: digital fiter 

INL, top 89% 0.05% 

DNL, top 89% 0.01% 

Spectrum length 1024 channels 

Pileup rejection 400 ns, pulse pair res 

‘Throughput rate: 580,000 eps 

Input rate 500100 ens 

Spectrum memory: 60 spectra at 1024 channels 

Real time presets: 1s - 1,000,000 s 

Live time presets: 1's 1,000,000 s 

Dose /Dose-rate Measurement Specifications 

Sensitivity S500 eps/ ySw/h f>5 eps/yrem/h] for 30x38 mm (12% 15") 
Nal (fl detector 

Dose-rate range “TonSv/h- 1 Sv (T prem/h - 100 rem/hh 

Dose range: 00 nSv-1 Sv [10 prem - 100 rem) 

Energy range: Nal 20 keV =3 MeV) GNE 60 keV-1.5 MeV 

arm levels: Four preset levels (2 dose and 2 dase rate) 


‘Special Features 


Stabilization: ‘Temperature stabilitation, HV current. stabilization, 

Internal "Cs reference source for stabilization. 
Calibration: ‘Automatic energy caliration, Detctor efficiency calibration, ar 

‘Automatic dose calibration. = 7 Z 
Remote contra: Real time measurements, setup and control identiFINDER-U supplied in hard shell travel case with 
Language German, English, French, Russian batteries, chargers, USB PC interface cable, holster, 


PC download software & operators manual 
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identiFINDER® 


Isotope Identifier 


‘Scope of supply — 
the main 
‘components of the 
identiFINDER system 


Part of Thermo Fisher Scientific 


The identiFINDER** isotope identifiers, 
a FLIR Systems, Inc. product, are a 
family of compact and lightweight 
instruments for finding and identifying 
radionuclides. The integrated display 
and straightforward three push-button 
operation ensures ease-of-use in the 
field. The accessories supplied with 
every identiFINDER ensure that the 
field user can easily reach-back to 

the experts with useful data, should 
the need arise. 


The identiFINDER is a user-friendly 
instrument that identities man-made and 
natural radionuclides and combines high 
tivity with a wide dose rate ran 
ne instrumen 


thas a dual purpose design 
to facilitate locating missing or offending 
sources and then identifying the source 
ia its gamma spectrometry and nuclide 
tification capability 

The identiFINDER mplete 
digital gamma spectroscopy and dose rate 
alyzer, 


jument is 


yates multi-channel 


high voltage power supply, and 
th an integral scintillation 
and GM detector. The identiFINDER detector 
is ideally suited for homeland security 
industrial, medical, nuclear power generation 


amplifier, 
emar 


and nuclear fuel cycle applications. 
The identiFINDER detector also is 

available as an optional LaBR version, 

providing high-resolution spectroscopy 


at room temperature. This version delivers 
laboratory-type performar 
lightweight, hand-held device, enabling 

improved results for dificult identifications 


gina 


Features 
© Top-of-the-line Ultra model available 
with patented pulsed LED stabilization and 


TI deconvolution which no longer requires 


a built-in source for precise stabilization 


{20.5% typical peak shit 

Suppl 
Nal(T!) gamma detectors 

*# Now, faster (6 to 10 x quicker 
identification) and lower power 
(longer battery life) 

‘© New, more rugged 
for easier use in the field 


accuracy) 


with larger, more sensitive 


«tronics 
;gonomic housi 


* Optional neutron detection now 50% 
more fe due to new 2He detector 
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Specifications 


identiFINDER Isotope Identifier 


Features 
Functions ‘Nucl identification, spectrum analysis, dose rate calculation, total dose display, source finding 
integrated ETectronies ‘Mult-Channel Analyzer, PMT preamplifier, spectroscopy amplifier, power Supply 
Standard instruments: identifINDER-NG+ with 35.5 mm x 50.8 mm (1.4 in x 2 in) Nal & GM detectors 
identFINDER-NGH+ with 35.5 mm x 50.8 mm (1.4 in x 2 i) Nal He & GM detectors 
IidentFINDER-NG Urtra with 355 mm x 50.8 mm {1.4 in x Zin) Nal & GM detectors 
identiFINDER-NGH Uttra with 35.5 mm x 50.8 mm (1.4 in x2 in} Nal, He & GM detectors 
Specials -L versions): with 30.5 mm x 35.5 mm (7.2 inx 1.4 in} LaBr with a resolution of <3.3% at 62 keV 
Watertight -U versions) up ta atm (10 m or 3 f} immersion 
Telescopic (X versions}: with ~1.2 m to 2.4 m {4 ft 1o 8 tt} extension 
Sateguards: with 25.4 mm x 25.4 mm (1 in x1 In} Nal (Tl) tungsten shielded detector 
and specialized SNM firmware 
Stabilization Tn the non-Utra models, a built-in ™Cs reference source (1B nGi/S0O Bq) is used for online stabilization and in-situ 


calibration without user interaction. With either stabilization method this special identFINDER feature allows operation 
over temperatures between -20°C and 486°C (-4°F and +122°F]. The Ultra provides the user withthe benefits of LED 
stabilization technology with or without a small 3nGi Cs137 source, as preferred for implementation and transportation, 

Software The ientiFINDER provides for easy storage of up ta 100 spectra and rapid transfer to PC Tor reach-back 
and/or qualitative in-situ analysis withthe software supplied 

User Selectable Nuclide Library _Thare are 74 reference spectra of radionuclides stored in si Nbvaries: Nuclear, Industral, Medical, US. Customs Service, 
(Si (On Site Inspection by IAEA officals), and Security. ll sub-lbraries except OSI can be edited by adging ar deleting 
specific nuclides from the lst. Ten reference spectra can be measured by the user and added tothe predefined library 
spectra. Identification is done by a tempiate-matching corelation procedure 


Physical Dimensions 


Weight 1250 q (2.75 Ib) with 35.5 mm x 50.8 mm 
(1.4 in x2 in} Nal and batteries 

Temperature Range 20°C 10 455°C APF to +122°FL 

Protection Water proof, dust tight 

Protection Cass 5a 

Battery Ue TO-TZ hours; common batteries can also be used 
(i, emergency situations) 

Dimensions 48°37 mm x 94 mm x 76.2 aM 


(in x37inx3in) 
Spectrometry System Specifications 


HVBias 200 Vt0 1275 
automatically set to suit individual detector 
Shaping Te Digital fiter 
NL, Top 39% DUB% 
DNL Top 99% <1% 
Spectrum Length 1024 channels 
Pileup Rejection 00 nS, pulse pale es 
Throughput Rate 100,000 cps 
input Rate 360,000 ops 
Spectrum Memon TOO spectra at 1074 channels 7 p ‘ 
Real Time Presets Ts 1,000,000's GEO SUE 
Tive Time Presets Ts10 1,000,000 s 1. Battery compartment lock 
Dose/ Dose Measurement Specifications 2. ON/OFF button 
Sensitivity 10,000 cps/mrem 3. Blue LED (neutron alarm) 
or 35.5 mm x 50.8 mm {1.4 in 2 in) Nal (Ti}detector 4. Selection buttons 
Dose-rate Range T prem to 100 em 5. Command line 
max dose-rate equivalent to max dose-rate of NAL 6. Red LED (gamma alarm) 
Tose Range 10 prem to 100 rem i Inter GM te 
Energy Range Nal: 15 keV to 3.0 MeV, GM: 60 keV to 1.6 MeV 8. Internal “He tube (neutron detection} 
‘arm Levels ‘Gamma Four preset levels 8. Internal Nai(scitilation detector 
Neutron Separate neutron alarms for He model, 


with blue indicator lamp 


vin isha Sint. A igs aera. 
ono NDER* sa egistarad vadomark af EX a8 Gb a FIR Stas, ne substan Results may vary under ifrant operating candtons.Speifcatans, mms 
an ping ae subj a change, Not al ate ae avaabia nal counties Please consult yur lal sales representa for dil: Late Code MP004 80611 
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Frandlin, MA Reading, Berkshire 9106 Eriangen, 

7038 USA AGT SPA United Kingdom Germany 

+ (800) 274-4212 +44 071606548170 +49(0) 208824830 www thermoscientific com/emp 
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identiFINDER’ EOD 


Isotope Identifier Kit 


Explosive Ordinance Disposal configuration 


The identiFINDER EOD kit is supplied 
with a custom made black P-1600 
Pelican case that contains the following: 


* 2x identiFINDER-NGH units 

* 2.x web-gear compatible black 
carrying holsters with positive lock 
clasp 

+ 2.x wrist lanyards 

*2.x universal ac power supply units 
with ‘micro’ USB connector 

+2.x micro USB to USB serial 
communication cables 

* 2 sets of winTMCA software, technical 
manuals & calibration records 

*1 custom set of exempt radioactive 
check sources (RRS-8 EOD) 

#1 factory optimized spare detector 
assembly with set up sheet 


Part of Thermo Fisher Scientific 


The identiFINDER®* EOD kit provides 
two gamma/neutron detection systems 
that employ digital gamma spectrome- 
ters intended for rapidly identifying 


The Thermo Scientific EOD Kit includes 
two identiFINDER detectors, a FLIR 
Systems, Inc. product, as we 
sources, carrying holsters, setup 
software, cables, and power adapters. 


is check 


The identiFINDER-NGH (Gamma and Neutron) Complete System 


The digital gamma spectrometer is intended for rapidly locating, 
accurately measuring, and quickly identifying radioactive gamma/X-ray 
isotopes. In addition, an integral PE moderated, "He-neutron detector 
provides an indication of neutron intensity in cpm. 

The gamma detector is a 31 x 38 mm (1.2” x 1.5") Nal (TI) detector with 
integral, exempt (15 nCi) "'Cs stabilization source, the useful measuring 
range is from background to 100 mrem/h. A vibration alarm feature is 
included, in addition to the audible and visual alarms, all of which can be 
preset for gamma dose & doserate levels and neutron countrate. This 
Unit is easily distinguished from the standard gamma only unit by its blue 
aluminum end cap. 


SCIENTIFIC 


Explosive Ordinance Disposal configuration 


Features 
Functions: Nuclide identification, spectrum analysis, dose rate calculation, total dose display, souree finding 
Integrated electrons: Multi-Channel-Analyzer, PMT preamplifier, spectroscopy amplifier, power supply 


® Standard Instruments: 


~ identiFINDER-NG w/ 1.2°x1.5" Nal & GM detectors 
~ identiFINDER-NGH w/ 1.2°x1.5" Nal, He & GM detectors 
~ identiFINDER-NG ultra w / 1.4°x2" Nal & GM detectors 
identiFINDER-NGH ultra w/ 1.4"x2" Nal, ‘He & GM detectors 
* Specials with 1.2'x1.4° LaBr with a resolution of <3.3% at 662 keV 
Watertight (-U versions}: up to 1 atm (33') emersion 
«Telescopic (-X versions): with ~4' to 8" extension 
* Safeguards: with 1" x1" Nal (TI} tungsten shielded detector and specialized SNM firmware 
Stabilization In the non-Ultra models a built-in ™Cs reference source (<15 nCi/S00 Bq) is used for online stabilization and in-situ calibration 
withaut user interaction, With either stabilization methad this special identiFINDER™ feature allows operation aver temperatures 
between -4 and 122 °F (-20 to 85 °C) 
Software: The identiFINDER provides for easy storage of up to 100 spectra and rapid transfer to a PC for reach-back and/or qualitative in-situ 
analysis with the software supplied 


User Selectable Nuclide Library 
There are 74 reference spectra of radionuclides stored in 6 libraries (Nuclear, Industrial, Medical, Customs, OSI, and Security). All sub-libraries except OSI can be 
edited by adding or deleting specific nuclides fram the list. Ten (10) reference spectra can be measured by the user and added to the predefined library spectra, 
Identification is dane by a template-matching correlation procedure 


Physical Dimensions 


Weight: 2.75lbs (1250) with 1.4" x 2° Nal and batteries 
Temperature range: -20 to 85 °C (-4 to 122 °F) 

Protection water proof, dust tight 

Protection class IP 54 

Diop test: 2'8" on concrete 

Dimensions 98" x37" x3" 


Spectrometry System Specifications 


HV-Bias: 200 - 1275 V automaticaly set to suit individual detector 
Shaping type: digital filter 
INE, top 98% <0105% 
DNL, top 99%: 0.1% 
Spectrum length 1024 channels 
Pileup rejection: <100 nS, pulse pair res. 
Throughput rate: >100,000 eps 
Input rate 350,000 eps 
Spectrum memory 100 spectra at 1024 channels Df 
Real time presets 1s 1,000,000 s (front view) with 
Live time presets’ 1s - 1,000,000 s \-battery compartment lock, 
2-0N/OFF button, 
Dose/ Dose Measurement Specifications S-blue LED (neutron alarm), 
Sensitivity >10,000 cps/mrem for 1.4"x2" Nal (Tl) detector 4-selection buttons, 
Dose-rate range: 1 prem/h - 100 rem/h 5- command line, 
Dose range: 10 prem - 100 rem 6-red LED (gamma alarm), 
Energy range: Nal: 15keV - 3.0 MeV; GM: 60 keV - 1.6 MeV 7 internal GM tube, 
Alarm levels: Gamma: Four presat levels 8:internal He-3 tube (neutron detection), 
Neutron: ‘Separate neutron alarms for “He model, with blue indicator lamp S:internal Nal(T!) scintltation detector 
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HP-360 
Hand Probe Alpha/Beta/Gamma 


Features 
‘© Thin Window “Pancake” GM 
‘High Beta Sensitivity 
‘= Protective Window Screen 


+ Ergonomic Enclosure 


Part of Tharmo Fisher Scienti 


The Model HP-360 hand probe 
provides a sensitive beta 
detector, featuring a "Pancake" 
GM tube with a thin mica 
window. The HP-360 is identical 
toThermo Electron's Model HP- 
260 with the exception of a 


new and stylish plastic housing. 
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This black housing is, 
constructed from rugged ABS 
plastic and features an etched 
stainless steel screen ( 79% 
open area) over the GM tube to 
prevent punctures. The HP-360 
design is also very ergonomic 
to fit in one’s hand with greater 
comfort. 
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cifications 


This detector permits useful beta sensitivities down to 40 keV and 


is alpha sensitive above 3 MeV. The background sensitivity to “Cs 
is approximately 3600 cpr’mR/hr and itis capable of seeing low 
energy photons down to approximately 10 keV, 

‘The HP-360 is designed for contamination surveys on 
personnel, table tops, floors, equipment, etc. This detector is also 
available in a "Smart" configuration (Model SHP-360) for use with 
‘Thermo Electron's new generation of smart instruments like the 


Model E-600. 
Operating Voltage Beta Efficiencies OPTIONS 
* 900 + 50 Vdc + Cs = 22% 
+ "Co = 165% Smart Probe 
Plateau Length ePSr°Y = 32% Order part number SHP-360 
* 400 Valts minimum + Tc = 15% 
C= 6% Smart Probe Conversion 
Plateau Slope To convert an existing HP-360 
0.1% per V maximum Alpha Sensitivity to asmart detector, order 
+3 MeV at window partnumber "SMARTPACBNC” 
Dead Time 
#50 js maximum Connector Check Source 
* BNC (Smart SHP-360 uses the * Order part number CS7A, 
Temperature Range Thermo Electron Smart connector) approximately 5 uCi, "Cs 
#30 °C to 75 °C (22 °F to 167 °F) 
Size Probe Mounting Clip 
Mica Window Thickness * 24.8 cm x 6.8 cm x7 cm * Order part number ZP11581038 
#4 to 2.0 mgfem 0.75" Lx 2.68" W x 2.75" H) 
Mica Window Size Weight 
= 4.45 cm dia. (75°) + 0.23 kg (0.5 Ib) 


Active Area 
35,5 am (2.4 in’) 


About Thermo Fisher Scientific 


“Thermo Fisher Scientific (NYSE:TMO)is the world leaderin serving With annual seles of more than $9 bilion, Thermo Fisher Scientific 
science. The company enables is customers to make the world has 30,000 employees and serves more than 350,000 customers 
heathier, deaner and safer by providing anaticd instruments, in phamaceutical and biotech companies, hospitals and clinical 
‘equipment, reagents and consumables, software and services for lagnostic labs, universities, research institutions and goverment 
research, analysis, discovery and diagnostics. agencies, as well as ervironmenta, industrial quaity and process 
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HP-270/290 
Hand Probes 


Features 


‘Energy Compensated for Gamma 
Exposure Rate Measurements 


+ Sliding Beta Shield for Model 
HP-270 


Port of Thermo Fisher Sc 


‘The HP-270 is an excellent 
general purpose GM probe with 
energy compensation and a beta 
shield, making it the choice for 
most health physics applications. 
‘The HP-270's energy 
compensation permits reliable 
exposure rate measurement from 
background to 100 mR/h for non 
dead time corrected instruments 
of up to 3 Ri/h for those equipped 
with dead time correction 
capability 
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‘The HP-290 is a higher range GM 
probe with energy compensation, 
providing reliable exposure rate 
measurement from 0.1 mR/h to 
10 R/h for non dead time 
corrected instruments or up to 80 
Rih for those equipped with dead 
time correction capability. 
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System Specifications 


HP-270 Hp-290 AVAILABLE ACCESSORIES 
Operating Voltage + 900 + 50 V #15504 50V Detector Cables 
Plateau Length #200 V minimum + 100 V minimum Instruments 36" Detector Cables 60" Detector Cables 
#0.1% perV maximum * 0.2% per V maximum £120 ce, eee. 
Plateau Slope % per V % per fae bre ae 
Dead Time * 100 ps typical + 20 ps typical ASP A16-36 16-60 
Temperature Range #40 °C to 75 °C + 40 °C to 50°C E600 102-36 102-60 
(40 °F to 167 °F) (40 °F to 122 °F) pr 
Wall Thickness * 30 mg/cm’ (tube only) * 90 mg/cm’ (tube only) Heck Source me 
Wall Material + Stainless Stee! + Stainless Steet SESS 
Gamma Sensitivity 1200 cpm/mfh (Cs) * ~Bo cpm/mR/h CCS) Probe Clips 
Energy Response + See curve + See curve + 2P10434029 
Housing + ABS plastic + ABS plastic 
Connector © BNC series coaxial» BNC series coaxial 
Size s35cmxs5.2¢m #29 emxBgcm 
(15” 0x 6" Long) ("Bx 3.5" Long) 
Weight +142 8 ( 02) +57 8 (2 02) 
ENERGY RESPONSE CURVES 
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Energy Response of the HP-270 and HP-290 Hand Probes 


About Thermo Fisher Scientific 


Thermo Fisher Scientific (NYSE:TMO)/s the world leaderin serving With annul sales of more than $9 bilion Thermo Fisher Scientific 
science. The company enables is customers to meke the world has 30,000 employees and serves more than 350,000 customers 
healthier, cleaner and safer by providing analytical instruments, in phamaceutical and biotech companies, hospitals and clinical 
reagents and consumables, Software and services for diagnostic labs, universities, research institutions and 
research, analysis, discovery and diagnostics, agencies, 2s well 2s environmental, industrial quality and process 
‘control settings. 
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The Scintillation HFM11-SC provides the 
proven class leading reliability and ease 
of use associated with the gas flow 
HFM11-GF, but with the added benefit of 
not requiring counting gas. 
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HFM11-SC 


Scintillation hand and foot monitor 


+ Low power fan-less operation | The HFM11-SC continues the development of this 
* Large touch-screen color LCD | = i successful series of high performance hand and foot 
display - no keyboard required = <3 monitors. The hand and foot detectors use an 


established technique for monitoring alpha and beta 
radiation simultaneously. Sprung detectors clamp both 
& . \ sides of the hand monitor and monitor them simultaneously. The 
* Optional frisker probe \ vertically mounted detectors minimize the risk of detector contami- 
* Hex-mesh grills for greater comfort | nation, and the top-mounted occupancy sensors avoid blockages. 
and detector protection \ Each foot detector utilizes two photomultiplier tubes in order to 
) minimize the variation in efficiency across the area of the foot. 


* Easy to maintain detector assem- 
blies, minimal basic tools required 


* Automated detector set-up and 


alarm checking routines p : : 
An optional frisker probe may be selected from the wide range 


of existing probes for monitoring alpha, alpha/beta, beta 

and low energy X-ray contamination. Status, instructions 

and results are clearly shown on the large colour LCD 
touchscreen making the monitor especially easy to use. This 
monitor does not require any peripherals to set up or configure; 
it is completely self contained. 


* Simultaneous monitoring of both 
sides of hand in compliance with 
IEC 61098 


* Vertically mounted sprung hand 
detectors to minimize cross 
contamination 


The HFM11-SC is also designed with economy and reliability in mind. The low 
power consumption means there is no need for a cooling fan which might suck in 
dust and dirt, and there are no moving parts to fail - solid state Flash storage is 
used instead of a hard disk in the industrial PC controller, and photobeams are 
used in the positioning sensors instead of microswitches. 


The modular ‘X-channel’ platform, with common controller boards and simple 
cabling, facilitates easy, low cost maintenance. It also provides detector 
intelligence and powerful controller functionality - such as the automated calibra- 
tion and source checking with auto source decay correction routines. The 
X-channel architecture also allows easy retro-fitting of options such as the frisker 
probe. Sophisticated voltage scanning software is included which will clearly 
display the optimum voltage setting in order to discriminate between alpha and 
beta radiations. 
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HFM11-SC Specifications 


HFM11-SC Radiological Specifications 


Detectors: Hands Feet 
Sensitive area: 260 cm’ 560 cm? 
Window: 1.2 mg.cm? of aluminized Mylar 
Scintillator: Zinc sulphide and plastic 
Radiological Performance Hands Feet 
Alpha: “Am 34% 26 % 
(% of surface emission rate) Nat U 12 % 6% 
Beta: Cc B% 5% 
(% of surface emission rate) =Co 25% 20% 
Cl 45 % 37% 
Gamma: 130 270 
(approx count rate in uniform field 
of 660 keV photons at 1 Sv/h) 
Uniformity: “Am 415% 475% 
(variation across surface of detector) —“Sr/"Y 415% +60% 
Monitor: 


Alarm settings: 


Background update time: 
Monitoring time: 
Control: 

Indications: 


Audible indication: 
Probability of false alarm: 
Probability of detection: 
Self test: 

Digital 1/0 connections: 
Environmental: 


Power requirements: 
Dimensions: 


Weight: 


By the use of large area calibrated sources or by touch-screen entry of calculated efficiencies. All HFMs 
are factory-tested with reference sources. 

100 s rolling average, with checking for changing background 

Auto assessment of time required to meet the statistical requirements in the given background: 1 to 100 s 
Audible and visual alarms occur if a hand or foot is out of position. 

Digital screen displays for alpha and beta levels for each hand and foot. Magnitude and type of 
contamination is displayed. 

Separate indications for ‘Out Of Position’, ‘Clear’ and ‘Alarm’ states, as on previous HFM versions. 

0.1 to 10 sigma in 0.1 sigma steps 

0 to 10 sigma in 0.1 sigma steps 

High Voltage, detector response, detector contamination and background level are monitored. 

RS-232, Parallel printer port, Ethernet and USB. 

Operational temperature range: 5 °C to 45 °C (41 °F to 113 °F) 

Humidity: up to 95% at 35 °C (95 °F) (non-condensing) 

90 to 264 VAC (auto-ranging power supply), 47 to 63 Hz, 85 VA max. 


Height: 1400 mm (55.1") 

1765 mm (69.5") with lid fully open 
Width: 876 mm (34.5") 
Depth: 825 mm (32.5") 


125 kg (275 Ib) approx. unpacked. 


This specification sheet is for informational purposes only and is subject to change without notice. Thermo Fisher Scientific makes no warranties, expressed or implied, in this product summary. 
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The FLM-3 Floor Monitor consists of 
a Delta 5 ratemeter and a choice of 
ruggedized 600 cm’ scintillation 
probes for alphas, betas, or alphas: 
and betas simultaneously. 
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FLM3 


Floor Monitor 


+ Highly mobil, Hight weight 
assembly 


‘Rapid, sensitive monitoring 


+ Includes background subtract, 
alarm sottings and intagrato 
The FLM Floor Monitor is sui 


‘monitoring lage areas and surfaces for radiation window, protected by a rugged 


ble for sensitive scintillation probe with a 600 em 


+ Steal aller balls for smooth 
Mors ited as standard 


radioactive material, Itis ideal for rapid, __—hex-mesh gil, plus a standard Delta 
sensitive monitoring of controlled areas, _micropracessor-based ratemeter. Count 
twuck beds, entrance rugs and simitar rates are shown ona larg, clear display 


applications, Enclosed ball cages are fitted Additional features such as backgraund 
to the standard monitor giving high mobility subtraction, pre-settable alarms and 
grated counts are used to increase the 


tn flat surfaces. They provide complete i 
freedom of movement in all directions with measurement precision. Audible signals 


essentially total coverage in veut for each particle detected 


and edges. An optional extemal whee! Headphones, for use in nosy environments, 
dard 


‘mounting kit is available. Ithas altemative are ncluded as 
height settings and is used on uneven 
surfaces were extra window protection is 


\esirable. The Monitor consists of a 
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Complete Floor Monitoring Solutions 


‘The hinged handle and sturdy, durable, ight-weight housing provide for offortiess monitoring even over long periods of use. Tho FLNKS is 
available in ditfrant versions to improve the radiation salactvty Three versions are suppl as standard 

+ FLMA for alpha 

+ FLMB for beta 

+ FLMD dual channel for alpha and bata 


FLMS Specifications 


DETECTOR FLMGA FMB, FINO. 
Radiation detected ‘Alpha Bota ‘Alpha and Bata 
Window area: 30x 20 em (12" x8") 30x 20 em (12" x8") 30x20 em 12" x8") 
Window thicknass: 12mg om 41.2mg.om® 12mgem 
Eficioncies: % surface omission counted ham a 16 x 10 em source placed centrally on the gill, 

241m (ak 0% E 2% 

‘36CI (bk : Es 31% 

051/90 i: . 2% %% 

600 (ba: : 19% 1m 

‘yrasponsos . 280 eps/mSvih 180 epsimSvm 
«channel background: <2 eps 7 2eps 

BBhanne! background: . eps eps 

Bri Hex mesh, 80% transmission 


(ON-BOARD DELTA 5 RATEMETER 


Ranges, 0.1 cps to 100,000 eps, or | epm to 1,000,000 cpm 
+ High-eantrast analog and digital liquid erystal display 

~ Alpha, beta, or alpha plus beta display modes 

+ Choice of eisplayed unite 

Count rate mode 

= Intagrate made 

+ Background store and subtract mode 

+ Setup made with calibration facity 

+ Auto with alarm settings 


Headphones: Light weight, CD quality, sterao headphonas with 25 mm 0.14") jack connection to Data § 
Temperature: 010 40°C (9210 104°F) 
Humiiy up to 95% RH, non-condensing 
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or ae and Cy A 
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The modular FHT 1388 S radiation portal mon- 
itors secure sites against the movement of 
contaminated material and orphan sources. 


Itis a proven radiation portal monitor in the 
European steel and recycling market. Our 
qualified Service Team and Service Partners 
are at call to maintain the performance and 
reliability of the FHT 1388 S monitors. 


Since the introduction in 1995, the FHT 1388 
series of radiation portal monitors have been 
periodically updated to keep up with market 
needs and technological developments. 
Hundreds of installations in Europe and around 
the world provide protection against radioac- 
tive contamination day in and day out. 


FHT 1388 S 


Modular Radiation Portal Monitors 


* Large plastic scintillation detectors for gamma radiation detection 


Immediate separation between NORM and artificial radiation 
through NBR (Natural Background Rejection) technology 


Optional moderated He-3 counting tube Neutron radiation detectors 


Effective false alarm suppression through automatic background 
radiation learning and SIGMA alarm threshold setting 


Recognition of objects plus speed alarm triggering 


Control of traffic lights, audible alarm indication via horn or visible 
via alarm lights 


Data transfer via RS 485 from the detector array to the operators 


room up to 1000. m 


Win XP based controller model FHT 8000 with 32 bit 
SGS2 software package 


Automated protocol printing also on a network printer 


Optional LAN video camera can easily integrated 


Optional axle counter insures alarm location information also for 


most demanding train applications 
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The FHT 1388 S detector panels are 
equipped with large area plastic scin 
tillators for the efficient detection of 
gamma radiation. The panel housings 
are made of UV-stabilized PE material 
that is corrosion free even under de- 
manding conditions. Low energetic 
radiation can penetrate through the 
PE material easily and is not shielded 
from the sensitive large area gamma 
radiation detector. 


The detector panel array communi 
cates with the electronics in the oper 
ator’s room via a reliable RS 485 data 
bus over up to 1000 m. The modern 
design of the electronics comprising 
our controller model FHT 8000, operat: 
ing Microsoft Windows XP. The 


advanced software package SGS2.EXE 
allows protected access on different 
user levels. Features like the 

FHT 8000's build-in Ethernet card or 
optional supervision software for 

up to 10 FHT 1388 S monitors under- 
line this modern monitoring concept. 
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FHT 1388 S Radiation Portal Monitor 


17" LCD Monitor 


Technical Specifications: 


Operating conditions for the electronics in the operator's room: 
-SGS2.EXE Software Ambient temperature range: 0 °C... 40 °C, (32 °F ..104 °F) 


Relative air humidity: 10% to 90% (not condensing) 
., Electronics model “PCA“with Operating conditions for the equipment at the detector array: 
|” Alarm & Status Indication Ambient temperature range: - 40 ...60 °C, (- 40 ...140 °F) 
Measured value: 
clon ATT Rca Gamma radiation from approx. 40 keV 


Available options: 

Video camera (LAN), axle counter (train), protocol printer, modem for 
tele service, traffic lights (red & green), extra panels (gamma & neu- 
tron], lead shielding, alarm devices (sound & light), gamma test adapter 
(panel and system performance test), stanchions & installation. 


Standard supply of electronics for the operator's room 
(FHT 1388 S verions 1460 G VER, 3000 G VER & HOR, 6000 G HOR) 


Detector Cable 


Detector Cable 
100 m standard supply 


100 m standard supply 


Connects to PCA unit Connects to PCA unit 


Distribution 
Box 


Distribution 
Box 


2x 730 inch? (121) 


2x 1500 inch? (251) 
Plastic Scintillator Panel 


Plastic Scintillator Panel 


Object Sensoren 


Obiect Sensors 


FHT 1388 S 1460 G VER: Standard equipment for the detector array FHT 1388 S 3000 G VER: Standard equipment for the detector array 


Detector Cable 


Detector Cable 
100 m standard supply 


100 m standard supply 


Connects to PCA unit 


Connects to PCA unit 


Distribution 
Box 


Distribution 
Box 


4.x 1500 inch® (251) 


2x 1500 inch? (251) Plastic Scintillator Panel 


Plastic Scintillator Panel 


Object Sensors 
Obiect Sensors 


FHT 1388 S 3000 G HOR: Standard equipment for the detector array FHT 1388 S 6000 G HOR: Standard equipment for the detector array 


This specification sheet is for informational purposes only and is subject to change without notice, Thermo makes no warranties, expressed or implied, inthis product summary. 
© 2008 Thermo Fisher Scientific In. Al rights reserved. FHT1388S-e-V1.1_14March08, 
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FHT 1376 MobiSys 


Mobile radioactivity monitor 


Features 


High sensitivity § liter plastic detector for 
locating radio-active source 


Dose rate change in nSv/h range 
immediately detected 

Natural Background Rejection (NBR) 
indicates artificial sources 


‘Advanced Digital Filter (ADF) makes 
possible data collection at road speed 


Automatic adjustment to background 
variations 


Radiation data recorded with GPS and 
time stamp 


Familiar Windows® operating 
environment 
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Radioactivity monitor with GPS-data 
logging for rapid response vans 


‘The Measurement System 
The FHT 1376 MobiSys was developed for the rap 
gamma emitting radioactiv 


2 in large areas. T 


i detection and location of 
1T 1376 system provides 


survey teams with a tool for effectively addressing the problems af orphaned 


adiological contamination, and malicious 


The syst 


time data, while mou 


inna moving vehicle. tis 
range of vehicles. 
The FHT 13) 


radiation detector and @ compact Global Postinin 


gh radiation envianments. All components (wi 
are conta 


d in a rugged carrying ca 
Vehicle 


continuously record radiation data associat 


MobiSys consists of a high sensitivity, 


ly introduced sources. 


with GPS location and 


readily adaptable to a wide 


+ plastic gamma 
System (GPS. With the 


addition of an optional FH 40 GL-Q advanced survey meter, accuracy is ensured in 


exception ofthe antenna) 


‘and can be transported in any conventional 
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FHT 1378 MobiSys 


‘A notebook computer links the gamma radiation detector, the GPS system, and the FH 40 GLO. The system may be powered by the vehicles 12 vlt power supply 
‘or any equivalent supply. The GPS system uses an external magnetic mount vehicle antenna 

‘The FHT 1376 MobiSy makes use of both the Natural Background Rejection NBR} and the Advanced Digital Filter (ADF) technologies. NBR identifies the signature 
cof artifical radiation sources, while rejecting the signature of naturally occuring background sources which are always present and fluctuating, ADF ensures 
‘optimal extraction of the data. Together, NBR and ADF allow forthe routine detection of artificial gamma radiation levels inthe range of nSv/h in the presence of 
changing natural backgrounds 


The following data are collected and stored every second: 

* GPS fig psitio, velocity) 

+ Total gamma dose rate (1 nSV/h to 20 ySv/h measured ty the NBR-detector 

* Total gamma dose rate 100 nSv/h to 100 mSw/n) measured bythe optional FH 40 GL 
advanced survey meter 

* Artificial gamma dose rate (NBA) 

+ Raw data count ates for offline analysis 

* Date and time (UTC) 


Display and alarms 
Measured gamma raiatin and GPS data are acquited and displayed by the notebook computer each second. 

Gamma radiation anomalies, identified by NBA as artificial, willbe indicated in realtime by visible and aucible alarms. System failures are also signaled, 

‘The route of the FHT 1376 may be displayed in realtime on the notebook computer GPS mapping system. The FHT 1376 system is implemented in German, English 
and French languages. Other languages available upon request 


Technical data 


Measured quantity Gamma radiation > approx. 100 keV 
Sensitivity ‘Typical 20000 eps/ySvi-1 (°Cs} 
Detection limits: 
Gross. approx. 2 nSv/h equivalent count rate relative to background level (Cs) 
NBR: 20% artificial dose rate contribution to the current natural gamma background level typically 
Features of the equipment case 
Dimensions: ‘approx. 820 x 280 x 200 mm (20.5" x 11” x7.9") 
Accessories case: approx. 360 x 280 x 140 mm (14.2" x 117 x55") 
Total weight: approx. 14 kg (31 ths.) 
External connections and cables (5m each 12 VDC with connector for vehicle power supply 
GPS-antenna 
USB-interface to the notebook 
Current consumption: ‘approx. 200 mA by 12 VDC (without notebook) 
Notebook (optional Requirements: USB-interface, Pentiui-pracessar, 32 MB RAM, hard disk 5 GB, Windows™ 98 | 


or 2000, accumulator supply and/or 12 VDC vehicle power supply 


NBR = Natural Background Rejection 

‘The NBA measurement method has been developed for extremely fast discrimination between natural and artificial gamma radiation. 
Worldwide mare than 1000 devices, based on this technalogy, are n use 

NBR has a rapid response time. Artificial gamma radiation sources ae identified in seconds by operators with basic training levels. 


Unlike conventional spectroscope based yam idetfication systems the systems using NBR do rat equ the presence and resolation 
af gamma spectral lines. Because of this Hlewbiity, NBR can also definitively distinguish artificial high energy beta sources and heavily 
shielded gamma ray sources fram fluctuating natutal Background sources, 
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FHT 1372 


Radioactivity monitor for personnel, 
cars, bikers and baggage 


No user operation necessary 


Automatic or manuel alarm reset selectable 


No installation required 


Optional monitoring channel for thermal 
and fast 


trons 
notebook or 


n with a 


Implementations: 


Border Stations 
indoor & Outdoor 


Harbors 
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‘The FHT 1372 Radioactivity Monitor is used as a 
stationary system for fully automatic monitoring 
of personnel airlocks or luggage belts for 
entrained radioactive sources. 


tive scintillation detect, along wit ed Digital 
for extremely sensitive and rapid mo Reg 

ofthe radioactive source's speed of travel, the aptimum measuring mode is automat 

cally set in each case, IL is not necessary forthe person or of measure 

‘ment to stop in front af the manitor. Thus, the monitar can be operated u 


ing the progress ofthe person or i 


luggage 
use of the NBR process (NBR = Natural Background 
by Thermo Fisher Scientif, iis po 


nl, developed 


ble to detect small amounts of artificial gamma 
range, even against a fluctuating natural background 


‘Additionally an integral alarm level can be adjusted in order to detect an excessive 


otal dose rate level 


detected an auclible alarm is triggered. In addition, the 
alarm can trigger a relay which could transmit th 


fm message to 3 remote alan 
uD 
urn off and a red LED stay lit as long as the artificial gamma radiation is present 
According to the user-selectable setup, the alarm can be cancel 


Unit (horn, light, et). IF the alarm is due to artificial radioactivity, the gre 


tomatically ar 
require the manual reset by 2 push-button built into the electronics ofthe FHT 
included with the FHT 197 
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FHT 1372 


Builltin Electronic FHT 6020 


‘The management of count rates and al 


m stings is done by a FHT 6120 electron. 
The key features ofthis FHT 6020 electronic are: 
Obtains data every second 
Displays and stores approximately 2000 data points 
Controls alarm values 
Communicates with detectors via S485 
System parameters configured via a serial conection to @PC via @ Windows™ based program 
Configuration program is password protected so only authorized operators may change system parameters 
Four integrated LEDs indicate the cunt system status 
Installed buzer to indicate an alarm 
Displayed gamma dose rate unit canbe st to Sievert (Sw) or Roentgen (/) O  mmcerciez omen 


CERTIFICATE 


Detection of fast and thermal neutrans 


‘The optionally avaliable probe FHT 752 SH offers the secure monitoring of thermal and fast 
neutons. This probe shows an excellent separation between neutrons and gamma rays and is 
placed inside the FHT 1372 housing 

The BHT 752 SH is compliant to the ITRAP requirements for hand-held neutran detectors 


Technical data 


Dimensions of detector effective detector volume} standard: 220 x 220 x 100 mm {8.7° x87" x39") 
other dimensions available on request 

Sensitivity approx. 20000 ene/'Sv/h) for C5-137 

Background typ. B00 eps 

Energy range’ approx. 30 keV. 15 MeV. 

Recommended temperature range: (0°C to 40°C (92 °F to 104 °F) 

Hel. ai humidity 10% to 80%, without condensation 

Protection iP 54 

Supply voltage: ‘AC 100-250 VDC 10-30 V optional 

Relay contacts 

Voltage (ma: 150 VDC / 125vAC 

Current (max 2A 

Breaking current (ma) 35, W (DC) /60 WAC) 

Housing dimensions approx. 680 x 440 x 280 mm [268" x173" x 1107) 

Weight 17 kg (37 5 bs) 


NBR = Natural Background Rejection 
The NBA measurement method has been developed by Thermo Fisher Sientii, Erlangen (Germany) for extremely fast discrimination 


between natural and artificial gamma radiation. Worldwide mare than 1000 devices, based on this technology are in use. 
NBR has a rapid response time. Artificial gamma radiation sources are identified in seconds by operators with basic training levels. 


Unike conventional spectroscopic based yamma identification systems, the systems using NBR do not require the presence and resolution 
of gamma spectral lines, Because of this flenblty, NBR can also definitively distinguish anficial high energy beta sources and heavily 
shielded gamma ray sources fram fluctuating natural background sources, 
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For simultaneous evaluation of 6 or 12 samples with 
8 60 mm concerning alpha- and beta/gamma-activity 


FHT 770 T 


Multi Low Level Counter with 32-bit user 
Windows™ software 


Low limits of detection and decision 
By the extremely low backgraund measurement af typically 

<1 pulse/min (0.017 sin beta/gamma-aperating made, very 
small imits of detection can be achieved. Far that purpose, the 
utilized proportional windaw counter tubes are coupled 
anticoineidentaly with a quard counter and surrounded by a lead 
shielding of 100 mm (4") thickness 


‘Time gained by multiple measurement 
The standard version af the Low Level Counter is equipped wi Documentation of measured values ara madem (option) cont 
4 sample slides for 2 samples each, Alternatively, the Low Level Documentation of measured values in curent operation 
Counter can be delivered with 6 sample sides for 12 samples in protocols and f etting more and 

High flexibility 


total In this cave, the overall height increases by app. 5 ‘ore important. Toda this the user can deter 
Trine te cue a deta complng and date ster, THE completely revised evaluating system 


utes to the ease of 


Processing of measured values 
The standard version (6 sample pla 
Counter is equipped with ane 16-channel 
extension (12 sample frames} with @ secon 
board used for 


age himself option. By usi 
ing possibilities, the measu 


ets) ofthe Low Level 
board, the 


anne counter 


i 


ance defined measuring 
together withthe 

parameters in so-called “ob-iles" whic 
available when neaded for 2 special measur 
ing task. Different a 
sure that relevant char 


umber of samples is high itis also 
possible to issue them structure line by line 


evaluation of alpha and beta/gamma 
pulse height discrimination, individual 
can be assigned to each measuring frame 
ne, calibration factors etc. Of course, the 
measuring frames may be configured identically fr series of 


ator which ean be obtained 
ally allows ta iesue individual protocol 
mats, The measured values as well as the 
4 additonal information can be stored 
data fle format 
of a network card 


pafameters can only be cared o 
measurements with many similar sample 
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FHT 770 T Specifications 


Specification 


FHT 770 T 


Aadoogieal characteristics Machanial characterises 
Agha backround measurement = 005 min Dimensions. forsale anes 

etaganm begun messurenent: <1 mi 62x45 x5 cm 44" x 127° 756" 
Sensitivt ical values, measured with @ 60 mm (2.4") sample dises| for 12 sample frames: 

a ae ee 62x80 bam 244x197" 1756" 
on ie Wem $0 g/ 1150 (2050 872505 
a re Counter gas ACH C02 sg uly] 
Co Operating vatage: 110/20 50-0 He 


The software of the Multi Low Level Counter meets current requirements af modem network software for Windows NT. It can be handled easily and offers high 
flexibility. Therefore, the operating software comprises modules for automatic plateau curve measurement ofthe counter tubes as well asa comfortable calibration 
software 


‘The measuring program of the FHT 70 T offers 
Menu guided entry of 
Starting and stopping of measurement by inserting or removing the side. 

2 preselection of nuclides and free selection of the measuring time for each sample frame 
(utput of all raw count rates by using “shart cuts" for test purposes. 

‘Monitoring of alarm and failure can be set for each measuring frame, 


measuring parameters. 


{Layout of the measuring protocal can be selected freely (option) 
Up to 5 freely configurable caliration and calculation parameters can be se 
Calculation of the limits of detection and decision according ta ISO 11929, p. 1 


‘Automatic calculation of measuring time to comply with predetermined limiting values 
‘Storing of data in ASCIF- or ACCESS format altematvely 
Different operator acess levels 


‘Automatic background measurement ata predetermined point of time, 


‘Multiple measurement for one sample can be selected 
‘Automatic plateau measurement which can be stored and printed, 


Calibration of counter tube and transfer of efficiency values to an internal nuclide table, 


int ofa sample identification. 
‘Automatic monitaring ofthe counter tube operating points, 
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Franke ak ce USA 


The FHT 762 is a neutron dose rate detector 
featuring a high sensitivity and an excellent 
energy- and angular response 
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FHT 762 Wendi-2 


Wide Energy Neutron Detector 


¢ Thermal to 5 GeV energy range according to H*(10), ICRP 74 
© High sensitivity due to large He-3 tube 
Excellent gamma rejection 


© Fits to FHT 6020 area monitor and FH 40 G survey meter 


Cylindrical Polyethylene 
Borated Rubber Patch Moderator (22.86-cm Dia. 


he X 21-cm Long) 


°He Counter Tube Tungsten Powder Shell 
(2 Atm. Fill Pressure) (1.5-om Thick at an inner 
radius of 4,.0-cm) 


The Wide Range Neutron Detector FHT 762 combines excellent energy response in the “normal” energy range up to 15 MeV with a 
close match to the H*(10) behaviour up to 5 GeV. As well excellent angular response and gamma rejection data are provided by the 
WENDI-2-design which was originally developed at Los Alamos. No significant spill-over needs to be considered for gamma dose 
rates up to 1 Sv/h. 
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FHT 762 Wendi-2 


© WENDI-I (Side) 
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Neutron Energy (MeV) 
Reference: Olsher et al, Health Physics, 79(2): 170ff, 2000 
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Technical Specification 
FHT 762 Wendi-2 


Measuring range 0.01 pSv/h to 100 mSv/h Cf-252 Gamma-sensitivity 1 to 5 pSv/h at 100 mSv/h, 662 keV 
Sensitivity 0.84 cps/(uSv/h) Cf-252 Ambient temperature | -30 to +50 °C 

Energy range 25 meV to 5 GeV according to ICRP 74 (1996) Humidity up to 90 % non condensing 
Angular dependence | +20 % all directions Atmospheric pressure | 500 to 1500 hPa 

Linearity 420% Height 320 mm (12.6") 

Diameter 230 mm (9") Weight 13.5 kg (29.8 Ib) 


This specification sheet is for informational purposes only and is subject to change without notice. Therma Fisher Scientific makes no warranties, expressed or implied, inthis product summary. 
© 2007 Therma Fisher Scientific Inc. All rights reseved. LITFHT762Wendi-2 0907 
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The new generation of truly smart 


radiation detectors. 


FHT 40 NBR 


Portable NBR radiation monitor 


Operational 


+ First responders 
* Civil defense 
+ Fire brigades 
* Environmental monitoring 


+ Remediation 


- : 


The detector ofthe new FHZ 672 E-10 isa complex combination of organic 
. scintillator material, a Nal(T-crystal and extremely fast evaluation electronics. 
ao With this combination af d characteristic according to the 
ambient dase equivalent H°(10) is achieved. 
Le :.) 
The high efficiency of this detactar allows an accurate determination af the dose 
ate within a few seconds and an immediate decision about whether itis natural 


or atificial radiation 
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FHT 40 NBR 


FH 40 GL-10 
The development of the high-tech radiation meter FH 40 GL-10 was governed by customers’ requirements and the need for versatility 
Flexible data storage 


The stored measured values can be accessed any time and seen on the display af the advanced survay meter. For further pracessing and archiving 
purposes, itis possible to transfer the history contents to a PC via the FH 40 GL-10 interface. 


Intelligent Ratometar-Algorithm (ADF-Mode) 
Guarantees that even the smallest changes of dose rate are immediately detected, while at the same time, statistical fluctuations are effectively 
suppressed. 

Configuration by PC 


‘The desired functions can be activated or hidden to the user by using the Windows™ based operating system. This means that the characteristics 
of the FH 40 GL-10 precisely correspond ta the measurement task, thus operator errors are minimized, It can be made as simple or complex as the 
users application needs, 


Technical data 


FH 40 GL-10 
Energy range: 30 keV to 4.4 MeV 

Measuring range: 500 nSv/h to 100 mSv/h 

Sensitivity approx. 25-1 /ySvih 

Weight approx. 410 9 (0.9 tbs, without batteries 
Operating time without FHZ 672 E-10: > 250/h 

Operating time with FHZ 672 E-10 >30h 

FHZ 672 E-10 

Energy range! 48 keV to 6 MeV 

Measuring range: 1 nSv/h to 100 pSv/h 

Sensitivity approx. 2000 s-1 / ySv/h 

Detection limit of artificial gamma radiation: <20 9 of natural dose rate typically 
Weight approx. 4000 g (8.8 tbs.) 


NBR = Natural Background Rejection 
* The NBR measurement method has been developed by Therma Fisher Scientific, Erlangen (Germany) for extremely fast 


siserimination between natural and artificial gamma radiation. Worldwide, more than 1000 devices based on this technology are in use 
* NBR has a rapid response time. Artificial gamma radiation sources are identified in seconds by operators with basic traning levels, 
© Unlike conventional spectroscopic based gamma identification systems, the systems using NBR do not require the presence and 
resolution of gamma spectral fines, Because of ths flexibility, NBR can also definitively distinguish artificial high energy beta sources 
and heavily shielded gamma ray sources from fluctuating natural background sources. 
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FHT 65 LL/LLX 


Hand and foot monitor 


* Superior performance 


* Rational, cost-effective design without loss 
cof measuring quality 


+ Ease of installation by virtue of small foot 
print and flexible positioning of the FHT 6020 
display unit, 

* Comfortable and easy configuration of the 
FHT 65 LULLX using the FHTBSLL Windows™ 
configuration pragram 


+The FHT 65 LL allows simultaneous 
alpha/beta measurement 


* Identical hand and foot counter tubes 


* Clear user information in different languages 


Part of Thermo Fisher Scientific 


Hand and foot monitor with flow 
type counter tubes or sealed xenon 
counter tubes for alpha/beta or 
gamma monitoring 
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The FHT65 LULLX hand and foot monitors measure and record 
surface contamination on the hands, wrists and feet of personnel 
in the medical, radiochemistry and nuclear industries. 


FHT 65 LL: Flow-type counter tubes for Ar/CH4, Ar/CO2 or Chg for 
alpha/beta monitoring 


FHT 65 LLX: Sealed xenon counter tubes for gamma monitoring, 


SCIENTIFIC 


FHT 65 LL/LLX 


By virtue of its compact size and light weight, the FHT 65 hand and foot monitors are readily transportable and can 
be moved through any standard doorway. The monitors are also durable, with the counters having a large surface 
area and protection by built-in stainless steel grills, 


‘The monitors are configured with a PC, via the FHT 6020 display units interface, using a supplied configuration 
program, illustrated below. 
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Measurement parameters The “FHTES" tab 
nical Sp 
Size (in operation: Approx. 1400 H x 380 W x 750 D mm (55° H x 15" W x 29.5" D) 
Weight: 35 kg (77.2 Ibs} approx. 
Ambient temperature: 45°C to 450 °C (41 °F to 122 °F) 
Relative air humidity: 10 % to 90 %, non-condensing 
Protection system: [P30 
Voltage: 85 to 285 VAC, 47 to 63 Hz 
Power requirements <10W 
Display ranges: 0.01 to 1000 s 


0.01 to 1000 Ba/em? 


For more technical information and details please ask for technical specification ZT-020. 
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Measurement of dose and dose rate 
with a secure distance, 


FH 40 TG 


Teleprobe 


* Simultane 


perator dase and daserate measure 


‘Modular design allows easy exchange of campanents 


«© Teleskop reinforced, isolating fiberglass materia, fully watertight 


* Extendible up to4 


(approx. 13 ft) 
#100 nSv/h - 10 Swf (10 p/h - 1000 Fh) 


angeable probes for ci 


rte” with indivi 


Application rang: 


Nuclear power plants 
Nuclear industry 
Recycling industry 


Emergency response 


Five brig 


Nuclear medicine 


Research 
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FH 4016 


Security 

‘The TeleprobeFH 40 TG isa valuable tool for all situations where an extended range is required, or high radiation may accu. 

‘ Itacte as an extemal detector tothe FH 40 G dose and dose rate meter. A lightweight but very rugged telescope extends up ta 4m (approx. 13 ft 

‘= The FH 40 7G System allows the simultaneous dose and dose rate measurement at the operatar end while measuring the dose rate atthe teleprobe end - 
4 meters (13') away. In normal use the measured values ofthe teleprobe detector i displayed, but with the push of a button the operator can check the dase rate 
where he is actually standing 


Alarms 
For bath detectors independent alarm levels may be set this is especialy useful during search applications. The acoustic alarm is activated upon reaching either 
alarm level. Thus the dose ofthe operator is also monitored, 
Flexibility 
‘The standard detector af the teleprabe, FHZ 612, cantains two energy compensated Geiger Miller tubes covering a range fram normal background 
‘upto 10 Sv/h (1000 F/ 
‘© For special applications, the detector head can be exchanged with a1" x 1"-Nal(TI} detector fr high gamma sensitive or special neutron detectors, Ther is also a 
beta-sensitive probe available 
And, of course, the FH 40 6 Survey Meter itself can be ust 


with 2 numberof different external probes. 


Optional 

* Aluminium case for Teleprobe FH 40 TG und Survey 

Meter FH 40 G. Dimensions: Approx. 950 x 160 x 150 mm . 
(38° x8" x6") 

* F¥1 40 GX Dispay-Unt (optional) FH 40 G without 

intemal detector. 


Detector options 

FHZ612 wide range, He 2GMHubes Ot pSvh-10Svh > B2keV——eps/piSv/h (B6IAeV} 0.15 ky (03 II 
FHZ6I210 wide range y,H"(10) _2GM-tubes 05 ySwh-10Svh >8DkeV 0.15 kg (03 tb) 

FHZ 6128 wide range, He 2GMHubes 1 pSwh-10Svh > B2keV 0,15 kg (03 

FHZ 632 L medium range, Hx Prop. tubes 0,1 uSwhh-O,1 Sh > 3BKeV 1 kg (0216) 

FHZ632 10 medium range-y,H"(10) Prop. tubes 0.1 ySv/h-D.1Svh —>3DkeV 01 kg (021) 

FHZ512 sensitive anitfer V'e1"- Nal 1 100-000 eps 300 cps/iSv/h(652KeV) OS. kg(.11b)"* 
FHT 7528 sensitive neutron sniffer BF3-ube 1 - 100 000 cps 2eps/ ySw/h (C-252) OB kg 18 )"* 
FHT 752SH sensitive neuton sniffer He-3-tube 1 -100 000 cps Beeps /ySvyh (C282) 08 kg(.81b)"* 


* Standard in FH 40 TE 


** A heavy duty, low-cost telescope version is alternatively avilable which fits all above mentioned detector options weight: 15 kg (3.3 Ib) 
length: 1,6 -3.m (5.3 to 981); material: aluminium), 


—<— — = Lem ey 
Technical Date 


FH 40 TG 
Telesprobe FH 40 76 with standard detector FHZ 612 
Measuring range 0.5 pSv/h -10 Swi 
Detectors: Two energy compensated GM tubes with automatic switchover 
Telescope: 5 segments, reinforced fibre glass 
Weight 2/6 kg (67 Ib} telescope with detector 
3.0 kg (6.6 Ib} complete with FH 40 6 
Tengih Extended fength:> 4m (13) 
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The FH 40 LAB-1 is an efficient supplement to the 
multipurpose radiameter FH 40 G for first responder 


task forces. 


FH 40 LAB-1 


Portable equipment for the detection of 
: +B radiation in samples in combination 
with the multipurpose Radiameter FH 40 G 


A 


The FH 40 LAB / FH 40 Gis used for immediate in-situ 
‘measurements of alpha+beta cantaminations, e.g 


‘Filters and filter systems 


uring equipment FH 40 LAB-1/ FH 40 6 will strongly reduce the lss of 
mergency involving radioactive contaminatins. [tis an easy-to-handle 
gured specifically for on-site operation. In adition to 

lity, the FH 40 Lab-1 offers advantages inthe reproducible 
nts 


5 The portable 
* Soil samples btpabsi a 
‘mobile radiation laboratory co 
offering a high degree of mal 
ample geometry and comparability of meas 


‘Foodstuff, il, 


fi able to 


The multipurpose radiameter FH 
determine the actual gamma da 
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FH 40 LAB-1 
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Specifications 


FH 40 LAB-1 


FHZ 732 GM Alpha-Beta-Gamma Probe for Radiameter FH 40 G Temperatures: = 30°C ta +80 °C (-22 °F to 122 °F operation 
Overall size: 2485 mm x 68 mm 9.6" x27") = 40°C to +70-°C(-40 °F to 158 °F storage 
Weight 0.32 kg (07 b) Sample Holder FAT 770 6 

Detector window: =2Zingiem®, B 44 mm (18°) Dimensions base plate 2160 x 10 mm (@6.3" x04") 
Sensitive area Sem? ‘Sample hold 95 x 60 mm (37° x24") 
Measuring range’ 0.4- 10,000 cps Weight: 3.749 182 b) 

Background: = 016 cps Material bras 

Sensitivity (eps/B4): ~ 15 % (Am-24i) otal height = 100 mm (39°) ine. grip 

ers) ~25 % (G5-137) tae 

ee ~4-epaiySefn ost) Dimensions 490 x 305 x 105 mm (169° x12" x41") 


Operating Sequence for a Sample Measurement 
{The sample Rode is opened and a sample planchet or sample cup is inserted 

2 With the FHZ 732 GM pote above the Sample, the covers closed 

4. A measurement withthe radiometer FH 40, using preset te or preset count, canbe executed 

4. The result can be stored in the intemal memory of the survey mete. 

‘With a measuring time of only $ minutes, the detection its approximately SOO By ky fr Cs-197. This allows the user to monitor limit values according to 
[WHO intervention guidelines (eg. ruts 7000 Bq/kg; ik 4500 Bk, einking water 7000 By/4). 


The radiological equipment for 371 special NBC detection vehicles was delivered by Therma Fisher Scientific. The “Bundesamt fr Zivischutz” (German Federal 

Office for Civil Defense) chose the NF radioactivity detection system because ofthe advanced technology offered by the Theima Scientific radiation detection 

systems. The system is comprised of: the FH 40 G radiameter with an integrated proportional counter tube, and an FHZ 672-2 NBR scintillation probe. While 

tiving the high-sensitivity ofthe scintillation prabe recognizes a minimum of artificial gamma radiation inthe measurement range of nSv/h, even in a wide area 

The measuted track of radioactivity is automatically shown on a digital map sup-ported by GPS. As the main instiument of the raciological equipment, the 

Rome F440 Gs the Geman PE aprva aswel asthe German Fre-Bigate-Approva he patented NER ecology has aso been approved by the TOV 
fannover/ Sachsen-Anhalt, 


NBR = Natural Background Rejection 
The NBR measurement method was developed by Thermo Fisher Scientific, Erlangen (Germany) for extremely fast discrimination between 
natural and ariel gamma radiation, Worldwide, more than 1000 devices based on this technology are In Use. 


NBR has a raid esponse time. Artificial gamma radiation sources are identified in seconds by operators with basic taining levels 
Unite conventional spectoscopy-based gamma identification systems, the systems using NBR de nt require the presence and 
‘exclu af gamma spectval ins, Besouse of hs flexi, NER ea also definitively dlingush artical high-energy bea sources, and 
Healy shielded gamma ay sources, rom Hutuating natura background Sources 
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To complement the EPDMk2, Thermo 
Fisher Scientific offers a range of 
readers. All these readers connect 
directly to the PC via a serial or 
optional USB interface. They are 
compatible with the full range of 
Mk2 software products and require 
no power supply. 


Readers for EPD” Mk2™ 


“9 


"e 


The basic IrDA reader, is ideal for office environments and 


IDA Reader 


act 4 


mobile applications. For more demanding environments, and 
where it is necessary to ensure that only ane specific EPD 
can be ‘seen’ by the reader, the desktop madel ACT-S may 
be used. The IDA and ACTS are compatible with EasyEPD2 
and Easylssue software 


ACTS 
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Readers for EPD Mk2 Specifications 


Basic IrDA Reader 


PC Connection: Serial RS232 or USB 1.1 and 2.0 compatible interface direct to PC 
Cable length Serial 1.2m USB 1.0m 

Size and Weight: 80 x 30 x 20 mm 2.5" x1” x08"), BO grams (0.1 Ibs.) 

Power: None required, driven fram PC 


ACT-5 Desktop Reader 


PC connection: Serial RS232 or USB 1.1 and 2.0 compatible interface direct to PC 
Cable length: Serial 1.2m USB 1.0m 

Size and Weight: 180 x 125 x 70 mm (7° x 5” x3"), 1.1 kg (2.6lbs) 

Power None required, drives from PC 


ACT-4 Desktop Reader with Keypad 


PC Connection: Serial RS232 or USB 1.1 and 2.0 compatible interface direct to PC 
Cable length: Serial 1.2m USB 1.0m 
Keyboard Connection: PS/2 style mini-DIN. Accepts input from full keyboard. 


S/2 cable provided to connect to PC system unit (length 2m, (B51). 
Keypad/Keyboard key operated selector switch, 
Size and Weight: 240 x 125 x 85 mm (10° x5" x3"b 1.75 kg (Alb) 


Power: No external pawer required - IrDA reader and keypad powered from PC. 
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The Thermo Fisher Scientific 
EPD-N2 combines excellent photon 
dosimetry with full-spectrum 
neutron response, making this 
dosimeter ideal for those working 
in mixed neutron/gamma fields. 
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EPD’-N2 
Electronic Personal 
Gamma-Neutron Dosimeter 


Applications include: 
+ Reactors 


* Spent fuel and glass 
waste transport 


* Reprocessing and © Advanced radiological performance, 20keV-10MeV (photon), 
plutonium finishing 
thermal (0.025eV) - 15MeV (neutron) 
+ MOX - plants * Excellent performance in mixed gamma/neutron fields 


a Neutron saures * Multi-detector technology 
manufacture * Excellent performance for low-dose measurements 


Ma teachin aa * Direct display of Hp(10) for neutrons and for photons 


university research * Outstanding immunity to electromagnetic interference 


* AA battery, lithium or alkaline, interchangeable 
* Accelerator facilities 
* Compatible with currant or upgradeable Thermo Scientific EPD readers, 


+ Medical facilities software and accessories 
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EPD-N2 Specifications 


Radiologie strong clamp with eyelets fr lanyard 
‘Sensitive to X- and y-adiaton (E> 20keV} and neutrons (optional lanyare-only version) 
O.025eV < E< 15MeV Energy response fy)! + 20% 25keV to 1.5MeV 
Direct readout of Ho|10} for neutron & phaton dose + 30% 20keV to 6MeV 
‘Multiple diode detectors with converters and energy + 50% 6MeV to 10MeV 
compensation shields Energy response n see energy response curve above 
Display wits: Sv & rem (with prefixes p,m), et With a single calibration, the neutron 

via intemal software dose estimated by the EPD-N2 wil be 
Generaly in accotdance with ANSI standards 13.11, 19.27 & 42.20 within approximately + 30% ofthe true 
(photons performance) and most aspects of IEC 61525 Ineutrons & val for many workplace fields 
photons) Angular response: Hp 10}()+ 20% up to + 75° Cs-137 
Dose display & storage: OySv to > 165, auto-ranging Hpf10) (n+ 30% upto 60° Am-Be 
Resolution for display: 1pSv (<tOmSu/Trem |, and Internal detector self-test under CPU contra 

neutron under best conditions) Accuracy: HO) (71 10% Cs-137 
Resolution for storage: 1/64ySv (15pm), 1yS¥ for neutron Hpit0)(n} 20% Am-Be 

dose under best conditions 
Dose rate display. ySv/h to> 4S4/h(400ren/h Alarms 

auto-ranging, variable resolution ‘Audible & visual alarms: Photon dase rate (2), photon dase, 


ccmbined photon + neutron dose, 
_ reutron dose rate, neutron dase, 


NEUTRON RESPONSE 
SSE - overange alu, count- down timer, 
aa low battery, 'retum for ead. Aim 
eee tone, pate, sound level, 


‘mutability and red LED configurable via 


secre veneer extemal software 
Energylev ‘Beep’ for gamma dose with configurable sensitivity 
‘Alarm sounder: ‘sealed, typically 98-100 dB(A) @ 20em_ 
on ait Tou setting 
Electrical & Mechanical 
Power supply: 1x AA battery, 1.5V alkaline or 3.6V Memory 
lithium, interchangeable without any 10 year data retention without battery 
agjustment Short term and Total dose registers or Hoy &n 
‘Operating life (see assumptions below) ‘Storage of peak photon & neutron dase rates, with date & time 
Continuous ute: 1.5V alkaline: typically 42 days {is resolution for all store times) 
316 lithium: 45 -§ months 28 most recent alarms or events stored wit date & time 
84/24 with use of OFF stand stat: Dose pati storage: ~ 500 dose ata pins for 78 
1.5V alkaline: ~25 months rneton dose with date & time 
416 ith: ~ 9 months 
Assumptions: average dose rate < SySv/h Environmental 
(<OSnren/h,R communications <5, Operating temperature: -10°C to 40°C (15 0 105°) 
2ulday, audible alarm sounding Zh otal — Storage temperature: -25°% to 700-13 to 158) 
during battery life Hui. 20% - 90% AH, non-condensing 
‘Communications: IR interface, < 1m range (39°) Protection rating: PSS (protection against dust ingress & 
Display and enabled functions contol by button on rot fae of low pressure jets of water fom a 
PD [button recessed and sealed) directions) 
‘Size: ‘86 x 63 x 18.5 mm, without clip, Vibration: TEC 1283 (2 g, 15 min.,10-33 Hz) 
(approx 34x25 x.75") Shock 1.5 mop onto canareteon each 
‘Weight: 108 g (~402) incl. battery & clip surface 
Case materia: high impact plyarbonate blend EMVEMC Exceeds MIL STO 4B1D RSIO2 
Ci high impact plas, easly renewed VEC 1289 eC 61505 


of EL Pot a Nernst aga A a 
Spates, ems at pry sect charge ital pots eae 


te Coie TE NEO 


ane, mary Ss 25 ac 
‘th Roa, Berta, 44 nnagri 21a, 
eng RST ne tngdom 4) 7 oe iorernctionsecorn/inin 
srl caper SCIENTIFIC 


li MAI USA 1 fe) ae 


Thermo Scientific EPD Mk2+ 


Electronic Personal Dosimeter 


Key Features 


* Advanced radiological performance, 15 keV 
to 10 MeV, in a small, lightweight design 

*Most complete dosimeter per IAEA Active 
Personal Dosimeter Intercomparison study 
IAEA-TECDOC-1564 

* Multi-detector technology 

+ Excellent response to gamma, beta, and 
X-radiation 

* Improved power management and battery 
monitoring 

* Loud configurable audible alarm 

+ Excellent immunity to electromagnetic 
interference 

+ Enhanced, easy-to-read display with optional 
backlight 

+ Rugged battery cap and enhanced clip 
retention 

+ Improved reliability of LCD and case 

* Additional software features provided 

* Single AA battery powers the unit 


Thermo Scientific EPD Mk2+ combines 
unequalled radiological performance 
with advanced software and hardware 
features. 
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The Thermo Scientific EPD Mk2+ builds upon 
the high performance of the original MK2 
design, while providing enhanced features. 
The EPD Mk2+ is suitable for use as a single, 
stand-alone dosimeter, or as a component of 
a comprehensive dosimetry management 
system using our renowned hardware and 
software packages. The high quality of the 
Mk2+ provides low lifetime costs as well as 
advanced radiological performance. 


The Thermo Scientific Mk2+ electronic 
personal dosimeter is perfect for 
organizations, utilities, agencies, and 
research laboratories to monitor employee 
dose and dose rates. The Mk2+ also boasts 
a ruggedized battery cap and an improved 
display. 


Part of Thermo Fisher Scientific 


The unit is powered by a single standard AA 
cell, either 1.5V alkaline or 3.6V Lithium 
Thiony! Chloride for maximum battery life. 
Pre-use integrity checks may be initiated over 
the IR (Infra-Red) communications link as part 
of the EPD Issue process of access control or 
dosimetry management systems. These 
checks include detector tests, battery test 
and battery voltage read. Display and 
function are controlled by a single button on 
the front of the unit, recessed to prevent 
inadvertent operation. 
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EPD Mk2+ Specifications 


Radiological 
Sensitive to X and gamma radiation, & particles 
Direct readout of dose equivalents Hp (10) [deep/whole body] and Hp (0.07) [shallow/skin] 


Display Units: Sv and rem (with prefixes) OR scaled in Sv and cGy (with prefixes) 

Neutron Response: <2% 

Dose Display and Storage: 0 uSv to > 16 Sv (0 mrem to > 1600 rem) 

Display Resolution: 1 uSv (0.1 mrem), up to 10 Sv 

Storage Resolution: 1/64 pSv (=1.5 prem) 

Dose Rate Display: 0 uSv/h to >4 Sv/h (0 mrem/h to >400 rem/h); auto ranging 

Energy Response: Photon: Hp(10): [All ref. Cs]: +50% 15 keV to 17 keV; +20% 17 keV to 1.5 MeV; +30% 1.5 MeV to 6 MeV; 


+50% 6 MeV to 10 MeV 
Photon: Hp(0.07): [All ref. ’Cs]: +30% 20 keV to 6 MeV; +50% 6 MeV to 10 MeV 
Beta: Hp(0.07): +30% 250 keV to 1.5 MeV (ref. °Sr/*Y) 


Angular Response: Hp(10) °’Cs +20% up to +75°; Hp(10) “Am +50% up to +75 Hp(0.07) °Sr/*Y +30% up to 55° 
Accuracy: Hp(10) °’Cs +10%; Hp(0.07) *Sr/*Y +20% 
Dose Rate Linearity: Hp(10) "Cs: +10% <0.5 Sv/h (<50 rem/h); +20% 0.5 to 1 Sv/h (50 to 100 rem/h); +30% 1 to 2 Sv/h (100 to 200 rem/h); 


+50% 2 to 4 Sv/h (200 to 400 rem/h); Between 4 and 50 Sv/h continues to accumulate dose at a rate > 1 Sv/h 
Hp(0.07) °Sr/*Y: +20% <1 Sv/h (<100 rem/h); Between 1 Sv/h and 50 Sv/h continues to accumulate dose at a rate > 1Sv/h 


Electrical and Mechanical 

Single, recessed button controls display and function 

Power Supply: Single AA battery, 1.5V alkaline cell, OR 3.6V lithium thionyl chloride; battery voltage is displayable (subject 
to display configuration settings); ON/OFF modes switchable over IR communications link or from button 
(when enabled), for power-saving in intermittent usage application: 


Typical Battery Life: 1.5V alkaline - 45-50 days continuous, extending to 70-80 days of typical use of OFF mode 
3.6V lithium - 5 months continuous, extending to ~ 10 months of typical use of OFF mode 
Alarm: Audible and LED visual alarms for dose, dose rate, count down time, read time, and failure mode; fully 


sealed; Time to Dose alarm display, based on current dose rate; audible alarm typically 98dB(A) at 20 cm 
with multiple modes; Hp(10) dose chirp settable from 0.01 to 100 pSv/chirp (1 prem to 10 mrem/chirp); 
optional acoustic coupler/earpiece 


Communications: Infrared (IR) interface up to 1 meter range (39”) 
Dimensions: 85 x 63 x 19 mm (3.3” x 2.5” x 0.8”), excluding clip 
Weight: 95 g (3.2 02), including battery and clip 

Case Material: High-impact polycarbonate/ABS blend 

Memory 


10 year data retention without battery 

Short term dose registers for Hp(10) and Hp(0.07) 
Additional total-dose stores for multiple job periods 
Peak dose rates with time of occurrence 

All stored times have 1 second resolution 
Selectable fast dose rate response setting 

Dose clear events recorded 


Count Down Timer: 1 hour, 39 minutes, 59 seconds maximum, resolution 1 second 
Event Log: 23 entries for time recording of alarms, etc., for incident assessments 
Dose Profile History: Settable interval from 2 seconds to 35 hours, store transitions of Hp(10) and Hp(0.07) at a resolution of 1 pSv 


(0.1 mrem); will store up to 579 records for transitions up to 127 pSv or less 


Environmental 


Operating Temperature: -10°C to +50°C (+14°F to +122°F) 

Humidity: 20% to 90% RH, non-condensing 

Vibration: IEC 1283: 2g, 15 minutes, 10 to 33 Hz 

Shock: 1.5 m (5‘) drop on each surface onto concrete 


EMI/EMC (incl. static discharge): Exceeds IEC 61526 requirements; exceeds more stringent MIL Standard 461D RS103 


©2009 Thermo Fisher Scientific Inc. All rights reserved. All other trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries. Results may vary under different operating condi- 
tions. Specifications, terms and pricing are subject to change. Not all products are available in all countries. 
Please consult your local sales representatives for details. Literature Code RMP EPD Mk2+ 200905 


Worldwide 

Frauenauracher Strasse 96 +49 (0) 9131 909-260 

D 91056 Erlangen, Germany +49 (0) 9131 909-172 fax 

United Kingdom 

Bath Road, Beenham, +44 (0) 118 971 2121 

Reading RG7 5PR United Kingdom +44 (0) 118 971 2835 fax 

United States +1 (508) 520-2815 

27 Forge Parkway +1 (800) 274-4212 toll-free 

Franklin, MA 02038 USA +1 (508) 428-3535 fax www.thermo.com/rmp 

China ; 
www.thermo.com/dosimet 

7th Floor, Tower West, Yonghe Plaza +86 10 8419 3588 / SCIENTIFIC 
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EPD® IRR-2™ 


EPD® Auto Irradiator 


* Multiple verification pathways: 
= Comparison with reference EPD 
= Comparison with previous 
measurements with the same EPDs 
= Checking against dose and EPD counters 


* Compact, bench top unit 
* No need for special shielded facility 
* Accepts 10 EPDs in one load 


* Operates automatically under 
software control 


* Comprehensive safety features 
fiand y sources check all EPD 


counting channels simultaneously 


* Interfaces with the EPD 
Maintenance Database, EMDS2 


Part of Thormo Fisher Scientific 


The Thermo Fisher Scientific EPD 
Auto Irradiator IRR-2 provides sensi 
tive, automated calibration checking 
of EPDs Mkt and/or Mk2, 


General 
The Auto lrradiatar is a complete 
package for periodic calibration 
checking of MK1 and/or MK2 EPDs. 
It operates under the control of a 
PC running the Auto irradiator 
software supplied with the 
instrument. The IRR-2 is intended 
to operate in conjunction with the 
EPD Maintenance Database System 
(EMDS2), described in a separate 
data sheet 
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A carousel holding up to 10 EPDs, 
either Mk1 or Mk2 but not mixed, is 
loaded onto the IRR-2. On starting 
the cycle, all dosemeters are 
status-checked hefore irradiation 
commences. On completion af each 
EPD irradiation the dose and 
counter data is uploaded to EMDS2 
which can run on the same PC as 
the Auto Iradiator software. Here 
the data is compared with 
preprogrammed limits and any 
historical data in the database for 
individual EPDs. 


SCIENTIFIC 


EPD Auto Irradiator Specifications 


Radiological 
Radioactive Sources: y. —Am-241 3.7 GBq (100 mCi) Sealed source, special form 
B: C136 100 kBq (2.7 wCi Sealed ise source 
Inradiator Performance: “Am 60 keV Statistical arcuracy better than £ 2% (2 min irradiation time) 


(15 °C- 25 °C (88 °F to 77 °F), 95% confidence level) 
SCL 714 keV b (Emax) 
Statistical and positional accuracy better than + 10% (2 min iradiation time) 
External Radiation: Radiation dose rate at 80 mm from any surface not greater than Tj.Sv/h (0.1 mrem/h) under 
normal operating conditions 


Environmental 
Operating Temperature: 45°C to 40°C (41 °F to 104 °F} 
Storage Temperature: -25 °C to 70 °C (-13 °F to 158 °F) 
Indicators 
Indicator Lamps Power On (yellow, Lid Clased (red), Sources Shielded (green), Sources Exposed (red), 
Unlatch Lid Switeh (green) 
‘Mechanical 
Size: 470 x 400 x 320 mm (19" x 16" x 13") 
Weight: 37 kg (82 lbs) 
Electrical & Safety 
Supply Voltage 110.V + 10%, 47 10 63 Hz 
240 V+ 10%, 47 to 63 Hz 
Power: 300 W Maximum 


Power Supply Interruption: Unit will operate normally with a supply interruption of less than 50 ms, Interruption of more 
than 5 seconds causes 
irradiation cycle in progress to be terminated, 


Fuses: 2AT, 20x5 mm 1" x2") dia, @ 240 
3AT, 20x5 mm (1" x2") dia. @ 110 
Power Connector: TEC 320 (local 1EC320 mains power cord required Outside UK) 


Safety & EMC Specification: Equipment for indoor use only. Complies with BS EN 61010-1 1998. Installation/aver-voltage 
Category Il, Pollution degree 1 


Computer Hardware Requirements 

Note The IRR-2 requires a PC-compatible computer, which isnot supplied as part ofthe IRR-2. A 
suitable PC can be supplied by Therma Fisher Scientific if required and at extra cost 

Hardware Requirements: IBM compatible Pentium PC, 168 MHz 32 MB RAM, 60 MB hard disk drive, CD-ROM drive 
Vacant /0 card slot, Mouse, or other pointing device, Keyboard, 2 serial ports 

Operating System: Microsoft Windows™ or NT 

IRR-2 Interface: PCL 725 1/0 card, or equivalent. (supplied with IRR-2} 
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E-600 


Multipurpose Survey Meter 


* Accepts 
conventional and 
‘Smart probes 


* Background 
subtraction 


* Data logging 


+= Built-in Pulse 
Height analyzer 
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Part of Thermo Fisher 


The Model E-600 multipurpose 
survey meter is the latest, most 
sophisticated, and user friendly 
instrument in the family of Thermo 
Fisher Scientific's E-Series of 
portable instruments, Traditional fee! 
and advanced control functions 
offer users a portable instrument 
capable of performing many 
radiation monitoring functions. 


The E-600 represents a new generation 
of portable survey meters that provides 
enhanced capabilities for users. 


Foremost among the advanced 
capabilities ofthe E-600is the 
compatibility of the instrument with a 
multitude of detector probe types. Probes 
include various newer "smart probes’ and 
conventional probes in widespread use. The 
smart prabes provide interchangeably for 
performing various types of radiation 
‘measurements, the probe recognizes the 
instrument, and vice versa 
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The E00 can memorize up to three 
configurations for any given probe, 
peimitting a single probe to beset up 
and operated in different ways. For 
alpha/beta monitaring applications this 
allows switching between the alpha, 
beta and alpha + beta monitoring chan- 
nels. Switching between each channel 
automaticaly adjusts the thresholds, 
alarm settings, response times and the 
preferred audible click signature fr dit 
ferentiation between the alpha and beta 
counts. This multi-channel capability is 
also useful for perfrming Pulse Height 
Analysis PHA) where three separate 
views can be programmed with the user 
reauily switching fram one to anathet. 


The high-contrast, custom display allows 
the user an easy view of the full range of 
the instruments capabilites, blending 
traditional analog information with 
alphanumeric digital data. The display is 
backlit for use in poorly ighted areas, and 
is operational through a wide temperature 
range. The simulated linear analog meter 
movement provides a familia fe! to users. 


SCIENTIFIC 


System Specifications 


The E-600 has five operating 
modes plus a check mode 
accessible to the operator. The 
operating modes are Ratemeter, 
Integrate, Scaler, Peak Trap and 
Background Accumulation. The 
custom LCD display automatically 
adjusts for each operating mode to 
Notify the user and to allow rapid 
switching. The €-600 uniquely 
performs active background 
subtraction when selected by the 
user. 


Routine surveys are best served 


RS-282 devices capable of 
outputting the data in an ASCII 
format. 


‘The E-600 offers an optional 
Windows™ based PC program that 
Is necessary to calibrate or 
configure the instrument with 
Thermo Fisher Scientific's Smart 
probes. Connection to the PC is 
through the E-600's serial port that 
provides for the exchange of data, 
as well as setting up the instrument 
and its probes. 


calibration data, as well as a 
calibration due date. If 
administratively enabled, any probe 
utlized past its due date will 
automatically take itself out of 
service and inform the user that the 
calibration is no longer valid. The 
same control may also be invoked 
for each E-600 instrument. The 
E-600 case is also designed to 
withstand rigorous handling in all 
environments, indoors and 
outdoors. 


with the built-in data logging 
capability that can store up to 500 
data points. Each data point 
includes the location, date, time, 
detector channel, operating mode, 
displayed value, unit of 
measurement, instrument and 
probe serial numbers and the 
instrument status. Location data 
may be read directly by the E-600's 
serial port via a laser scanner, 
alphanumeric keypad, Global 
Positioning System, or ather smart 


A real time clock is incorporated 
Into the design to provide tighter 
controls and support precise data 
gathering. This is especially useful 
{or data logging applications where 
each logged data point is time 
stamped. 


Another powerful application is 
time-stamping the calibration of the 
instrument and any of the Smart 
probes. A calibration date and time 
are carried with the probe 


Dimensions: 34 x 16.5 x 23 mm (8.5 x 4.12" x 5.75" (including handle) 
Weight: 147 kg (3.25 Ibs} (including batteries) 

Color: Beige/ Brown 

Batteries: 3 Alkaline 'C’ cells, life approximately 100 hours 


Operating Humidity: 
Operating Temperature Range: 
Storage Temperature Range 


Up to 95% non-candensing 
40 °C to 80 °C (-40 °F to 176 *F) 
50°C to 185 °C (58 °F to 365 °F) 


Display: High contrast LCD, 75 cm wide by 5 em high (3° x 2°) Red backlight 
Response Times. Slow, Medium and Fast. Each time can set between 1 and 255 seconds, 
‘Audible Alarm: 85 dB at 30 cm (1181") 


Alarm Level Settings: Up to three alarms per detector probe adjustable over entire range of probe. 
Alarm settings are available for both rate and integrate modes. 

0 to 999 microseconds 

‘Smart, Proprietary Thermo Fisher Scientific Design 

500 to 2,500 VDC 

Rate meter, Scaler, Integration, PeakTiap and Background 

Instrument off, check mode, five operating modes, speaker on/otf, gross/net 
counts display, up/down range scale, log data, multi-function soft key, display 
backlight and channel select 


Dead Time Correction: 
Probe Connector: 

High Voltage Range: 
Operating Modes: 
Accumulation Controls: 
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The CMI Contamination Monitor is 
designed for radiation workers to 
monitor themselves, their clothing 
and belongings effectively after a 
minimum of training and supervision. 
Ithas the versatility of advanced 
portable monitors without complexity. 
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CM11 
Easy-to-use and versatile personnel 
contamination monitor 


Versatility 
The dual channel 
CMI oporatos with 
a large range of 
sensitive probos 


Easy to use correctly 
No usor controls oF 
adjustments, clear 


displays and 
armuncsars, rect 
cone The CM11 is effective as an add-on supplies are down. Monitoring 
oe pote with device to personnel monitors to applications arise within power and 
Sutable atures for increase monitoring throughput rates. fuel handing sites, also defense 
mounting ta wal a This contamination monitor also works establishments, government 
eter well asa monitoring station during laboratories and hot labs in hospitals 
temporary work such as plant and industry, 
y maintenance, The CMI is ideal where 
space is restricted. lis easy to install Thermo Fisher Scientifics different 
and to set up, and equally easy to versions, CMT1A to CMIIF, carry 
assign tothe next application hangers forthe 20,60, and 100 em 
scintilaton probes and the DP11 gas 
The CMI is ideal asa backup flow probe. The following types of 
boundary monitor; to confirm Personnel radiation may be monitored 
Monitor alarms, to pin-point the ~ a B, simultaneous 
position of contamination and amount pls 
per 100 cm to differentiate radon low energy gamma 
nuisance alarms from others and for simultaneous "and 


use in an emergency or when AC 
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1 Specifi 


Measurement 


Background is measured and stored until 
the proximity sensors tripped or the probe 
ited fom the hanger, when monitoring 
stars, Background is then subtracted from 
the counts before they are displayed. The 
peak hold feature makes it easier to 
pinpoint spots of contamination, and thet 
loves, by simultaneously displaying the 
peak and instantaneous readings. 

Results are shown ana log scale ranging 
from 02 to 10 alan levels, and ona cigtal 
display in units of countrate, total atvty or 
specific activity, The two readout channels 
are normaly configured for alpha and 
teta/ganma, but can be coniigured to 
separate"! rom beta/gamma when used 
vith the GP13 low energy gamma probe. 
‘Versions in which the probe window faces 
ut allo hands to be monitored before 
actually touching the prob. 


Special Performance Features 


Radon recognition algorithm - eliminates 
nuisance alarms by distinguishing radon 
alarms fram others, 

~ Gas flow and scintillation detectors both 
use a standard coaxial cable 
‘Signal processing for smoather displays of 
changing countrate with better detection 
of contaminatin, 

Internal power source gives atleast 25 
huts operation without main power. 
Operating point can be set by cursor from 
graphic display of plateau 

~ Built-in routines; high voltage scan, 
plateau plot § plus B and S'/B values for 
ptobe characterization. 

~ Gas flow rate and pressure are monitored 
by electonic means. 

- Passive infra-red proximity sensor, or 
footswitch (optional, allows hands tobe 
‘monitored before touching the probe 


OA Features 


~ A-continuous self-test program prevents 
‘monitoring of invalid or fault conditions 
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= The probe canbe tested fr contamination 
after ech measurement 

~ Selectable count-averaging times end 
confidence levels onthe alarms 

Data recording possibities; peak readings 
for each measurement, setup parameters 
and HV scan results (using the serial port, 
and an external printer, 


Typical Applications 


~ Monitaring clothing in parallel with 
hand/foot monitors to speed up 
throughput. 

- Monitaing items next to an PM or PCM. 

- Detection of radan nuisance alarms. 

- With a DPG or DP11 probe, to quantify and 
pinpoint IPM/PCM alarms from diffuse 
contamination that pancake geigers 
cannot detect 

As a temporary monitoring station. 

~ A.orkstation or exit monitor ina smal 
zone, 

Asa subchangeroam monitor 

Asa specialized monitar fr low energy y 
radiation 

+ To provide monitoring for fet, identity 
cards, laundry, tools etc. in combination 
with special probes. 


Specifications 


Display Unis: ps, ep, By, dm”, 
Bg.cm2*, nCi* (*Probe efficiency and 
area are entered during setup) 

Alar Levels: 0.1 to 100,000 csplay units, 

Dsl Chane yc psy," 
hs 

Monitoring Update Tine: 0.1 1010's 

Background Update Te: 10 to 100s. 

User Cont: Rernovalof probe from hanger 
(or tiggeing optional proximity sensor 
activates measurement cycle wth back 
ound subtracted, Replacement of probe 

causes resumption of background 
measurements 

Display: CFL baci LCD, resolution 240 x 
128 piel. Digital, bargraph and graphic 
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isplay. Timed count rat, timed 
disintegration rate, HV scan and plateau 
plot. 

Audible Indications: Distinct tones for 
particle detected, alarm and faut 
condition, 

Printout: Peak results, parameter settings 
and HV scan results 

Extemal Printer: Any BS 282 serial printer. 

Temperature Range: §t040 C, 41 t 104 °F) 
‘operational -10 to 80 °C (14 to 122 °F) 
during storage. 

Humidity: Upto 95% RH 

Power 5 to 264 VAC, 74 to 63 He, 40VA. 

Dimensions: 240 x 380 x 160 mm approx. 
(25° x18" x 1657) 


PUL Gas Flaw Probe used with CMF 
Technical Specifications 


Sensitive Area: 150 x 67 mm (100 em 

Window: 0:9 mg em aluminized mylat. 

Efficiencies: surface emission, 100 cnt 
sure) "Am, 32%; "C, 38%; “Co, 
49%; "Cs, 58%. 

Gamma Response: 40 ops appx} in a uniform 
fel of | mSvh' (100 mAh due ta Cs 

Gas: Av/CH,$0/10% to 95/5 % proportion, 

Control: Buln contro/cut-off valve and 
electronic flowmeter 

Consumption: 15 liters/hour (25 ce/minuts) 


Options and Accessories Include 


Proximity Sensor, Footswitch, IPM mounting 
kit, Bench mounting kt-Trlley for CM11 
and gas bottle, Gas bottle kit, Large area 
check sources 


Please note: Probe, cable and aocessories 
ate ordered as separate items. For 
assistance in selecting the appropriate 
items, please contact our sales staff. 
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ASP-2e/NRD 
Portable Neutron REM Meter 


* Neutron Dose Equivalent Rate 

* BF, Tube Allows High Gamma 
Rejection 

* User Friendly Analog/Digital Display 

* Ratemeter, Integrate & Scaler 
Operating modes 

* Quick Computer Assisted Calibration 

* Alarm Annunciation 

= Built-in Speaker 


Part of Thermo Fisher Scientific 


Portable, convenient, and easy to 
use, the ASP-2e/NRD survey 
‘meter employs a highly responsive 
neutron detector, measuring dose 
equivalent rates over the energy 
range from 0.0025 eV to about 10 
MeV. The detector's BF, tube 
provides excellent gamma ray 
rejection, The probe can be easily 
detached from the meter to 
provide better coverage in 
ergonomically difficult positions. A 
serfriendly LCD complements the 
analog meter 


‘The ASP-2e/NRD is a portable, 
battery operated counter designed 
for the measurement of dase 
equivalent rate from neutrons 
(Rem). The detector emplayed is a 
22.9 cm (9") diameter, cadmium 
loaded polyethylene sphere with a 
BF; tube in the center. This detector 
has been shown to have a 
response which closely follows 
theoretical dose equivalent from 
neutrons aver the energy range 
from 0.0025 eV (thermal) to about 
10 MeV. The BF; tube also provides 
excellent gamma rejection, 


‘The accompanying instrument is 
the model ASP-2e, This design 
combines the best features from 
conventional analog counters and 
mamies them with state-of-the art 
digital technologies to present the 
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user with a very capable and user- 
friendly instrument. 


‘A dual analogical display 
facilitates the measurement 
process by presenting informative 
data in an optimum format. While 
the traditional analog meter scale 
presents relative scale and 
movernent of the counts received, 
the digital display forwards exact 
count rate readout together with 
the units employed, the counting 
interval or elapsed time (depending 
upon the operating mode selected) 
along with other key operational 
parameters such as response time 
selected, alarm setpoints, high 
voltage, battery level, etc. 


Micraprocessorrbased, the 
‘ASP-2e/NRD corrects for 
coincidence loss so that the upper 
limit range of the detector is 
increased by a factor of ten or 
more. When the useful range is 
exceeded, an averrange alarm is 
given. The instrument has a built-in 
speaker, serial port for PC setup 
and calibration, and an easy access 
extemal battery compartment to 
facilitate battery replacement. 


SCIENTIFIC 


wal COC ay 
DETECTOR i = iismae 
Coch [Ash 2NRORESPONEE! 
Detector Type ya" sais 
* BF, tube in a 22.9 cm ("), 5 FEES 
cadmium loaded palyethyene are Co TH : 


Detector Sensitivity 


* Approximately 45 cpm/mrem/hr 
(Go00 counts per mrem) 


Operating Modes 


Plateau + Ratemeter, Iteration, Sealer a 
* Approximately 200 V with a slope Controls, Fuse emt CN he tact 
of 5% per 100 V + Instrument off, check mode, ana ype oe ie el fa le 
Operating Voltage 3 operating modes, speaker on/off, = st prec 
+ Between 1600 to 2000 V meter back light, muitfuncton uel 
Directional Response soft key Sesertinn beeasee_) 
+ within 30% rea ta ethane aL 
Energy Range COMBINED DETECTOR/METER est a 
= Theil ty apprinmty 36 aa oe] 
Gamma Rejection Size an 
* Up to 500 Rh. Reection is + 406 Hx 229 W757 D em 
dependent on votage selected G66" Hx 9” Wx 1033" 0) 
+ The factory default is 10 mm Weight 
* 7.93 Kg (17.5 Ib) 
SURVEY METER Operating Temperature OPTIONS 


* -20 °C to 50°C (-40 °F to 122 °F) * CAst04-60 PC Serial 
Communications Cable 
= ASP2 OPT: PC Calibration) 


Configuration Software, Windows" 


Count Range 
4 to 2.3 million cpm 
Response Time 
* Slow, Medium, Fast. Each time 
setting is programmable between 
© to 255 seconds 
Audible Alarm. 
* 85 dB @ 30 om (118") 
Dead Time Correction 
+ 0 to 255 ySec 


ORDERING INFORMATION 


* Model ASP-26)/Nrd 

+ Comes complete with 22.9 cm (9") 
NRO detectar, ASP-2e counter, 
detector bracket for attaching 
detector to counter and a 0.9 m 
(36") connecting detector cable. 


About Thermo Fisher Scientific 


‘Thermo Fisher Scientific (NYSE: TMO) is the world 
leader in serving science. The company enables its 
customers to make the world healthier, cleaner 
and safer by providing analytical instruments, 
equipment, reagents and consumables, software 
and services for research, analysis, discovery and 
diagnostics. 


With annual sales of more than $9 billion, Thermo 
Fisher Scientific has 30,000 employees and serves 
more than 350,000 customers in pharmaceutical 
and biotech companies, hospitals and clinical diag- 
nostic labs, universities, research institutions and 
government agencies, as well as environmental, 
industrial quality and process control settings. 
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ASM/III 


Vehicle Monitoring System 


* Grape Display 


+ Language options 


+ User configurable 


alarm messages 


‘+ Natworkable 


+ Simple to oparata and 


Port of Thermo Fi 


The ASM/III Vehicle Monitoring 
Systems are designed to scan 
vehicles for radioactive materials. 
These systems offer unparalleled 
sensitivity and reliability, 


The ASM/IIl vehicle monitoring 
systems are designed to utilize 
industry-proven detector designs. The 
system uses state-of-the-art, Reality 
Based Detection algorithms, and 
advanced, low-noise electronics 
technology, to provide the perfect 
solution for vehicle manitaring 
applications 


Detector configurations that provide 
both vertical coverage of the vehicle 
(detector width) have been comerstone 
of ASM detector designs since 1987 
These large-area plastic scintillation 
detectors are shock-mounted and 
housed in lead-lined, NEMA rated 
stainless steel detector enclosures, 

and are proven to withstand the rigors 
of industrial vehicle monitoring 
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applications in the harshest 
environments 


Data analysis and management is 
processed by the ASMJlll System 
Control Unit and is availabe in two 
configurations; a wall mountable unit, 
incorporating an industrial grade PC or 
‘a desktop POD and commercially 
available PC. Designed to be operated 
with tte oF no operatar intervention, 
the ASMIIIl SCU features simple, 
‘one-button response to alarm 
conditions, while providing detailed 
scan and alarm data at the request of 
the operator. A color graphic display 
allows the viewing of detector dats, 
alarm history and location of the 
detected source in the vehicle. 


SCIENTIFIC 


Complete Vehicle Monitoring Solutions 


ASM III Specifications Control Unit 
Sensitivity: Maximum sensitivity is set 
Detector Assemblies automatically. Radiation 
2 detectors in total, 1 per assembly inererase sauna ts 
-10% of background are 
Detector Material: BC-408 premium plastic peared ba ae 
eoualletr audible and visual alarms if 
Radiations detected: © Medium and high energy the limits exceeded. 
gamma emitters eg. “Co, Indicator lights: READY (green), 
"Cs, “Ir,*Ra/Th, also WAIT (amber), 
neutrons ALARM (red) 
Detection volume: 49.2 litre (3000 in’) in total Operator control: Asingle pushbutton 
Detection surface area: 0.9 m (1440 in’) in total illuminates when a radiation 
Shielding: lead on all sides except the aan oe presse the 
front pushbutton silences the 
Vehicle separation: 4.84 m (16 ft) or less for hae resets the 
aptianim pectormanae Background compensation: Automatic 
Electronics: Remotely controlled high ppengvoun ct Telephone link to easy 
voltage supply, photo maintenance telesarvicing 
multiplier divider assembly, network 
pulse height discriminator —_Qther Controls: Power ON/OFF; 12-key 
and line driver lockable numeric keypad 
Vehicle speed sensors: Heavy duty industrial grade for System setup, self-test 
photobeams with cowiing & maintenance, (not 
for weather and damage required for normal 
protection operation) 
Cable to Control Unit: Belden type 9777 Self-diagnostics: Detector operation, wiring 


integrity and photocell 
alignment are monitored by 
internal self-tests. 


multiconductor, OD 0.82 in. 
nom (Weatherproof 


conduit recommended) For added rehab, 
Housing: Stainless steel, aeparats hardware 
‘weatherproof (NEMA 4) monitors the 
with gasketed, hinged, microprocessor 
coated aluminum access Mountings: Wall-mounting is standard, 
door other styles are optional 
Temperature ranges: -35 °C to 50°C. Temperature range: 4°C to 35°C (40 F to 95 °F) 
(31 °F t0122°F) Relative humidity: 10% to 75% 
Relative Humility: 1h 25% FH Dimensions: 380 x 600 x 204 mm 
Dimensions: 1829 x 457 x 203 mm (bs 238 x8) 
Power: 117 Vac, 60 Hz or 220 Vac, 
(72in x 18 in x 8 in), 50 Hz 
each housing Cable: NEMA 15-5 3 terminal plug 
Weight: 340 kg (750 Ibs) per on’ lead 
assembly 
Installation: Mounting hole pattern for SYSTEM SHIPPING WEIGHT: 
installation on 726 kg (1600 Ibs) 


client-provided I-beams 
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The ASM Vehicle Monitoring 

Systems are designed to provide 2 
the ultimate sensitivity for vehicle 
scanning in industrial applications ; 


ASM/III 
Model 6000, 9000 and 12000 
Vehicle Monitoring Systems 


‘ASM6000 
* Graphic Display 
+ Language options 
6 ‘ASM9000 
* User configurable alarm messages ASM12000 
+ Simple to operate and maintain 
+ Built-in printe 


‘The ASM/Ill vehicle monitoring sys- industrial vehicle monitoring appli- 
tems are designed to utlize indus- cations in the harshest environ- 
tnyproven detector designs, The, ments 

system uses state-of-the-art, detec- 

tion algorithms, and advanced, law- Data analysis and management is 


+ Modem included 


noise electronics technology, to processed by the ASM/lll System 
provide the perfect solution for Control Unit and is available in two 
Industrial vehicle monitoring appli-_ configurations; a wall mountable 
Cations requiring unparaleled sensi unt incorporating an industral 
tivity and reliability grade PC or a desktop POD and 


Commercially available PC. 
Detector configurations that provide Designed to be operated with litle 


both vertical coverage of the vehi- or no operator intervention, the 
cle (detector height) as well as ASM/Ill SCU features simpie, one- 
dwell time (detector width) have button response to alarm condi- 
been comerstone of ASM detector tions, while providing detailed scan 
designs since 1987 These large- and alarm data at the request of 
area plastic scintillation detectors _the operator. A color graphic display 
are shock-mounted and housed in _allowS the viewing of detector data, 
leadtlined, NEMA rated stainless alarm history and location of the 


steel detector enclosures, and are detected source in the vehicle. 
proven to withstand the rigors of 


Part of Thermo Fisher Scientific SCIENTIFIC 


System Specifications 


DETECTOR ASSEMBLIES 


* ASM6000 - 2 detector modules 
+ ASM9Q00 - 3 detector modules 
= ASMI2000 4 detector modules 


Detector material 
Premium plastic scintlator 
Radiations detected 
+ Low, medium and high energy gamma emitters 
+ For example, Am, “Co, “Cs, *,*Ra/Th, also neutrons 
Detection volume 
* Over 492 L (3000 in} per detector module; 2 detectars/module 
Detection surface area 
* Over 0.9m (1500 in} per det 
Vehicle separation 
+ 484 m6 for less fr optimum perfarmance, (14 ft recommended) 
Electronics 
* Remote dual channel, AS485 contrlled, intelligent high valtage/bias/amp, 
ligitierelactrnics 
Vehicle speed sensors 
* Heavy duty industrial grade photabeams with cowling fr weather and damage 
protection 
Cable & Communication 
* Remote controlled data transmission threugh 2 independently shih 
twisted pair cables 
Housing 
+ Lead lined, stainless steel, weatherproof (NEMA rated) with gasketed, hinged, 
coated aluminum access door 
Temperature ranges 
+ 80°C 0 50°C [40°F to 122 °F) 
Relative Humidity 
© 10 t0 95% RH 
Dimensions 
183 x 91 x30 om (72° Wx 36" Hx 12") 
Weight 
340 kg (750) per assembly 
Installation 
* Mounting hole pater for instalation on lient-provided beams 


module 
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CONTROL UNIT 


Sensitivity 

* Maximum sensitivity i set automatically 

* Radiation increases equivalent to 510% of background a 
Vehicle speed 

* up to kph (6 mph) wit audible and visual alarms if tho limit is exceeded 
Indicator lights 

+ Panel Lights: eady (green, wait (amber) alarm (red) 

+ bluminated controls: alarm overide (amber) toggle display (green), alarm 

acknowledge (ed 

‘Simple operator control 

+ A single push-button illuminates when a radiation alarm occurs 

+ Pressing the push-button silences the alarm and resets the system 
Background compensation 

* Automatic 
Phone modem 


etectable 


easy maintenance telesenvicing network 


* Power ON/OFF 
* keyboard provided for system setup, (password pr 
maintenance) but ot require for day-to-day operation 
Self-diagnostics 
* Detector operation, wing integrity and photacell alignment are monitored by 
intaral se tests 
* For added reliability, separate hardware monitors the microprocessor 
‘Mountings 
* Wallmounting is standard 
POD) PC version designed for desk mount 
Temperature range 
+ 4°C t0 36 °C (40 °F ta 95 °F) 
Relative humidity 
+ 10% to 75% 
18 of control unit 
te 30 x 600x204 mm (15°W x 24°H x 8°) 
‘POD (PC nt included: 400 x 108 x 258 mm 15.75°W x 4°H x 10° D) 
Power: 
117 Vac, 60 He or 220 Vac, 80 He 
Cable 
* NEMA 16-533 terminal plug on 1.8m (6 lead 
‘SYSTEM SHIPPING WEIGHT: 
‘ASM 6000: 909 kg (2000 fb) 


' ASM 9000: 1409 kg (2800 Ib) 
‘© ASM 12000: 1818 kg (2800 I) 
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Alpha-7A Alpha Particulate 


Continuous Air Monitor 


* Simultaneously 
monitors up to 8 
isotopes 


* Advanced peakshape 
algorithms 


* Alpha spectral data 
updated every second 


+ Radial or inlinie smart 
detector heads 


* Concentration, dose, 
and activity alarms 


* Stand-Alone or 
network configurable 


Part of Thermo Fisher Scientific 


The Alpha-7A is a Continuous Air 
Monitor (CAM) designed to provide 
early warning to workers exposed to 
airborne releases of alpha-emitting 
radionuclides to reduce the internal 
inhaled dose. 


The Model ALPHA-7A is a modern, 
PC-based continuous air monitor 
providing faster and more powerful 
algorithms for the identification and 
quantification of airborne releases of 
alpha-emitting radionuclides, primarily 
transuranics such as “Pu and *“Pu. 


The ALPHA-7A has adjustable alarms, 
at both DAC and DAC-hour levels, to 
rapidly warn workers of potentially 
dangerous releases. 


This instrument design has succesfully 
passed the rigorous ANSI N42.17B 
testing in the US and is CE qualified for 
European and other international 
operations. The Lovelace Respiratory 
Research Institute has also 


dads JONpoldg 


suoieo! 


successfully tested the ALPHA-7A for 
particle collection efficiency and 
uniformity on the collection filter. The 
ALPHA-7A is fully RadNet compliant. 


The ALPHA-7A can serve as a 
stand-alone CAM, or be incorporated 
into an Ethernet-based network. In 
addition to monitoring work areas, it is 
also an excellent solution for 
monitoring stacks and ducts. 


The ALPHA-7A offers two detector 
designs; the radial entry head for 
ambient air monitoring and the inline 
head for process or stack monitoring 
applications. Either head may be used 
remotely from the central display and 
control unit. 


SCIENTIFIC 


Complete Air Monitoring Solutions 


Alpha 7A Specifications 

Detector: Solid state, 490 mm? active area 

Effeciency: Pu-239 27% (4 pi geometry). 

Sample rate: 5 to 2 CFM (14 to 60 Ipm). 

Connections: RJ-45 for 10/100 Base T Ethernet (calibration and/or networking) 


PS2 Keyboard and mouse (local control of the Alpha-7A) 
DB15 External video (local view of the spectrum and for calibration) 
Terminal blocks for analog input, analog output, and alarm relays. 


Power: 85-264 V ac, less than 100 watts, 45-63 Hz. 
Analog inputs: 0 or 4-20 mA (logarithmic signal proportional to stack flow). 
Analog outputs: 0 or 4-20 mA analog output, assigned to various measured items, for example 
slow concentration, fast concentration, sample flow rate, stack flow rate. 
Alarms: Red visual beacon, acknowledgeable from front panel. Sonalert for audible annunciation. 


Alarms for alert and high activity for fast concentration, slow concentration, DAC-h, stack 
release, flow alarms. 
Data Recording: Microsoft™ Access format database. 


Nuclide library: Fully editable Microsoft Access database for any number of user-specified isotopes. 
Output relays: Relay contact for alarm, fail, alert, and high activity alarms. 

Vacuum supply: Suggested is the RAP-1 (or RAP1-220 for 220V operation). 

Approvals: Electrical approval: CE mark certified. 


ANSI: ANSI N42.17B 
Particle collection/efficiency: Lovelace Respiratory Research Institute 


Display module 

Size: 311 Hx 279 Wx 165 D mm 
(12.25" H x 11" Wx 6.5" D) 

Weight: 7.8 kg (17 Ib) 

Radial detector head 

Size: 20H x 152 W x 216 D mm 
(8" Hx 6" Wx 8.5" D) 

Weight: 3 kg. (6.5 Ib) 

Inline detector head 

Air inlet: The Alpha-7 in-line head uses 2.5 cm (1") tubing. 

Size: 318 Hx 191 Wx 159 D mm 
(12.5" H x 7.5" W x 6.25" D) 

Weight: 5 kg (11 Ib) 


ET 
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FAG Kugelfischer Georg Schafer KGaA | 


FAG FH 40 F1-F4 RADIAMETER 3 


| We FH 40 F Basic Meter 
Purpose and description 


1. 
The FH 40 F basic meter is used for measurement of gamma and X-radiation. 


Desian approval for calibration (FH 40 Fl . F4) and approval for use in 


fire services (FH 40 F1/F3) have been received. 


Lis 


According to the desired dose rate range there are four versions of the 


basic meter available: 


| Type | Measuring range *) Counter tube | 


FH 40 F 1 zP 1310 


| 

3 uSv/h ... 1 Sv/h | 
ZP 1200 | 
| 

| 


FH 40 F 2 | 0,01 uSv/h ... 10 mSv/h 
FH 40 F 3. | 300 uR/h... 100 R/h ZP 1310 


FH 40 F 4 1 PRA 22. 2 RA ZP 1200 


| | 

| | 

| | 

| 

Maca Mme he 


*) As from 1981 the leaal unit for dose rate equivalent is “Sievert per hour" 
(Sv/h). 
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6. 
On the top of the meter (Figure 1) are the following: 


Readout scale (1) 


ON/OFF button G) (2) 


- Readout illumination button =O (3) 


Audible indication button ff] (4) 
Yellow arrow to indicate direction of incidence of radiation (5) 


tte 
The end face of the meter has a 


circular yellow mark (6) 


for applying a test source. 


8. 
On the lefthand side of the case (Figure 1) is fitted the 


connection socket for an external probe. 


9. 
On the back of the radiameter are the 


battery compartment cover (8) 
and an adhesive plate with summary operating instructions (9). 
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Appendix 1 


Specification 


Measured variable : Photon dose rate equivalent 
(in SvV/h) or 


standard ion dose rate (in R/h) 


Measuring range 
with integral hiah dose 


counter tube ZP 1310 210 25.0699 Suh t2s0-2 0 69 R/h) 


with integral low dose 


counter tube ZP 1200 : 5°1077 ... 9.9-1073 Sv/h (5-10-75 ... 0.99 R/h) 


Limits of error 

due to influence of energy : + 30 %& 
in the range from 40 keV ... 3 MeV 
for FH 40 F1/F3 


in the range from 45 keV ... 1,3 MeV 
for FH 40 F2/F4 


directivity : + 20 % 
in the range + 45 ° 
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due to influence of 
+ 20 & 


temperature 
in the range from -30 ,.. +50 °¢ 


due to influence of 
+ 5 % referred to @ reading at 1013 
hPa 


atmospheric pressure 
for a surrounding air pr 
essu 
re between 309 


and 1300 hPa 


due to influence of 


atmospheric humidity + 5 % referred to a reading of 60 x re] 
. . . ative 
humidity in the range from 0 to 95 x relat; 
ive 


humidity 


Indication error 


(calibration error) : 20 %& 
at Cs-137 radiation (662 kev) 
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Position and dimensions of counter tubes 
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Warm up and response time (DIN 6818 Part 1) 


Scale | Response time 


| FH 40 F2/ =| FH 40 F1/ 
| FH 40 Fa | FH 40 F3 
ea nai coe 
0... 1 usv/h | 0... 100 rsh | 90s | = 
| | | 
0... 3 uSv/h | 0... 300 uRsh | 455 | = 
| | | 
0... 10 usv/h | 0... 1 me/n | a5 sof 2 
| | | 
0... 30 svn | 0... 3 msn | 35s | Z 
| | | 
0... 100 usv/h | 0... 10 meh | iss | 40 s 
Cee SOUNSv/h§ | 0: 30 wr/h | 10s | 25 s 
| | | 
0... 1mSv/h | 0... 100 mR/h | Bs | 20 s 
| | 
0... 3mSv/h | 0... 300 mr/n | Bs | 10 s 
| | | 
0... 10 msv/h | 0... 1 R/h | as | 8 s 
| | 
0... 30msv/r | 0... 3 R/n | : | 8s 
| | | 
0... 100 msv/h | 0... 10 pvr | | 8s 
| | | 
0... 300 msv/h | 0... 30 R/h | : | 8s 
| | | 
O-..1Sv/h | 0... 100 R/h_ | : | 8 s 
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Power supply 


Operating life 


Measured value display 


Battery check 


Audible single pulse 


indication 


Dimensions 


Weight 


FH 40 F1-F4 RADIAMETER 


9 volt alkali-manganese battery 


conforming to 

IEC 6 LF 22 

or 

lithium battery 9 volt 
or 


accumulator 


min. 7O hours 1n normal ambient radiation 
with alkali-manganese battery (without scale 


1) lumination) 


LCD; 

in digital form by means of 3 digit value 
with appropriate unit of measurement. 

In analog form by means of bar along linear 


scale, autoranging. 


flashing of battery symbol when battery 
voltage is too low. 


sound level 85 dB(A) at a distance of 10 cm 
approx. 160 mm long 
approx. 85 mm wide 


approx. 40 mm high 


approx. 500 g (with battery) 


The meter is splashproof in accordance with DIN 40 050, degree of 


protection IP 65. 
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FH 40 F1/F3 Energy dependance of reading 


Fig. 4 


*) see page no. 17/18 
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FH 40 F2/F4 Energy dependance of reading 


Fig. 6 
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horizontal rotation i 


HORIZONTALE PREIUNG 
(«) *) 


vertical 
Yo Tex tion *) 


VERTIKALE DREHUNG *) 
TgB-Hrs 6.41-26/€3 B  FRUEFLs FI 40 F2 BAU-Iirs 000994 STR. -DurL, A 80 
GS CE SEES ANSI Zee 


FH 40 F2/F4 Directivity of reading 


in angular range -45° ... +45° 


Bigs a7 


*) see page no. 17/18 
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NUCLEAR TRAINING 


(ALL ARMS) 


VOLUME I 


PAMPHLET No. 2 
RADIAC INSTRUMENTS 
LESSON PLANS 


PART 4 


METER, SURVEY, RADIAC No. 2 


Crown Copyright Reserved 


By Command of the Defence Council, 


MINISTRY OF DEFENCE, 
23rd October 1964 


Method of instruction 
6. (a) Only experienced instructors should be allowed to teach the use, 


(b) 


(¢) 


preparation for use and care and maintenance of the Meter, Survey, 
Radiac, No. 2 but latitude should be allowed in the methods they 
adopt. They must teach in the most interesting way without de- 
viating from the facts, drills and safety precautions laid down. 


The Meter, Survey, Radiac, No. 2 is an operational instrument and 
is not capable of registering the low intensities which, for safety 
reasons, are produced by the various training sources. As a result, 
only the drills for the use of the instrument can be taught. Practical 
application of these drills to the tasks of monitoring and radiological 
survey have to be taught by using the Meter, Dose-rate, Portable, 
Trainer, No. 1 (see Part 3). 


All instructors should study the following pamphlets :— 
(i) “Successful Instruction’, 1951 (Code No. 8670). 


(ii) Nuclear Training (All Arms) Vol J, Pamphlet No. 1 “‘Pre- 
cautions against Nuclear Attack’? (Code 9466) (AP 3349). 


(iii) Part 3 of this pamphlet entitled, “Meter, Dose-rate, Portable, 
Trainer, No. 1”’. 


(iv) ‘“The Nuclear Handbook for Instructors and Staff Officers”’ 
(Code No. 9405) (AP 3321), Appendix D, Introduction to 
Radiac Instruments. 


Fig 1—The Meter, Survey, Radiac, No. 2 and Haversack 


2 


WINDOW 


Fig 6—The beta window assembly 


Fig 8—Radiological survey from a vehicle 


26. After monitoring for beta, see that the hinged flap is in the “‘closed”’ 
position over the beta window, replace the base plate, check that the in- 
strument is free from contamination by cleaning and then replace it in its 
haversack. 


Fig 9—Monitoring personnel with the Meter, Survey, Radiac, No. 2 


27. When monitoring personnel, the subject should stand facing the monitor, 
with his arms outstretched, and about one yard from him. The monitor 
works over him starting with the head and face and proceeding downwards 
and across the body (including the arms to their extremities) to the feet. 
The subject then turns about and the process is repeated covering the back 
and ending with the feet which are lifted in turn to enable the soles to be 
monitored. 


Tests during use 
28. During use, make the following checks and tests from time to time :— 
(a) Ensure that the instrument is switched ON. 


(b) Ensure that the scales are used correctly or the instrument may be 
damaged, eg, too low a scale in too high an intensity. 


(c) Check the batteries (BATT TEST) frequently. 
-(d) Check ZERO frequently. 
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56. Do not teach it to beginners or to those of limited intelligence. It will 
be found useful, however, when answering questions that the lessons do not 
cover and for more advanced training for those likely to make instructors. 


SECTION 4—TECHNICAL DETAILS 


Basic circuit description 
57. The basic circuit is shown diagrammatically at Fig 13. 


ION CHAMBER Vi 
ANODE + 
BATTERY "F* 
(9Volt) 4 
R FILAMENT 
BATTERY 
GRID 
BAIS BACKING 
(30 Volt) OFF 
POLARIZING BATTERY | CURRENT 
(NEGATIVE) 


Fig 13—Basic circuit diagram 


When a gamma ray passes through the walls of the ion chamber the air in 
the chamber is ionized (ie, the molecules lose electrons), a discharge occurs 
and a voltage pulse is produced. After a short period of insensitivity the 
chamber recovers and the process is repeated for the next gamma Tray. The 
pulses pass from the anode (positively charged part) of the chamber through 
an electrometer valve (an amplifying valve with an exceptionally high in- 
sulation) to the meter which is calibrated in roentgens per hour which, for all 
military purposes can be accepted as rads per hour. The strength of the cur- 
rent will depend on the degree of ionization which, in turn, will depend on 
the degree of radio-activity. 


58. The pointer in the meter is adjusted to ZERO by adjusting the valve 
grid bias until the anode current is equal to the “backing off” current (see 
Fig 13). | 


Warning—TEST PLUG 


59. At the same end of the instrument case and below the “HUMIDITY 
INDICATOR” a TEST PLUG is fitted. This plug is for attaching a test 
instrument for calibration purposes and should not be removed by the user 
as this will break the hermetic seal. , 
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Power supplies 
60. The instrument requires the following power supplies :— 


| 


Army Vocab Section Approx Nearest commercial 
and Joint Services working equivalents 
Catalogue No.  dife 
- (hours) 
Y3/6135-99-910-1163 400 | Drydex 523 
Ever Ready B123 
Pertrix 8123 
_ Siemens $123 
Y3/6135-99-910-1162 - 400 | —_— 
1-5-volt cell Y3/6135-99-910-1101 150 Ray-o-Vac 2LP 
Filament - Ever Ready U2 
Drydex T20 
or GEC BA6103 
Lamp 16 Oldham 532 
~ Siemens Tl 
Vidor V0002 


NOTE. In an emergency, if the instrument has not been used much for 
night work, the lamp cell can be used to replace the filament cell. 


Slotted 
Retaining Screw 


Sliding 
Contact Holder 


Metal Contacts 


Knurled Screw 


Fig 14—Battery holder assembly 


Battery holder assembly 


61. The battery holder consists of a metal framework on the bottom end 
of which is a sliding bakelite end holding two of the three metal contacts 
which connect with three corresponding contacts in the battery compart- 
ment. The movement of this sliding end to make contact with the 30-volt 
battery is controlled by the KNURLED screw operated by the fingers only. 
When the 30-volt battery has been positioned, the 9-volt battery can be fitted 
and the slotted screw tightened sufficiently to make good contact but no 
more. Over tightening of the contact screws will distort the framework of the 
holder. The metal top of the holder is insulated and protected with a rubber 
cap which incorporates a projection to assist in removing the holder from 
the battery compartment. 
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Dimensions 


62. Meter, Survey, Radiac, No. 2 
inches 


1 
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* Locate and Identify Radioactive nuclides 
© Only pager sized NBR radiation detector 
© Built for real-life 


Definitive answers 
through pin-point accuracy 


SCIENTIFIC 


Thermo Scientific RadEye SPRD 
Personal Radiation Detector 


When the threat is real, you need quick and accurate 
identification. 
The Thermo Scientific™ RadEye™ SPRD Spectroscopic Personal Radiation Detector 


helps you locate and identify radioactive nuclides such as those employed in nuclear 
weapons and dirty bombs in a pager sized PRD. 


SMART ALARM INTERPRETATION 


Automatically and quickly distinguish between 
threatening and non-threatening radioactive 
sources 


Provides neutron presence indication as standard 
with the base RadEye SPRD 


BUILT FOR REAL-LIFE 


Can be worn in holster on standard service belt 
© Does not interfere with sitting or squatting 

¢ Small and lightweight 

Long battery life 

Rugged, drop resistant construction 


Easy-mode Operation 

Easy mode simplifies responding with 
the device for infrequent users. It 

auiekly guides you through the next 

steps after an alarm. 

Numerous accessories and add-ons such as 


contraband detector or rapid deployable area 
monitor kit 


e Same rugged and proven design as full 
RadEye family simplifies adoption 

Leverage our high volume RadEye production 
and the latest cost effective technology 


Natural Background Rejection 

NBR is a technology used to eliminate fluctuating natural background levels while measuring 
radiation. This proprietary and patented technology is used to quickly differentiate between natural 
and artificial radiation by stripping away any natural background radiation that is registering, 
delivering you a more accurate result of artificial radiation levels. 


The RadEye SPRD offers the next generation of NBR. The added 
fidelity of the new multi-channel NBR algorithm provides higher 
sensitivity to positively differentiate between natural and man-made 
radiation during search and find operation and better detection 
performance against masked isotopes. Once an alarm indicates 
the presence of significant gamma radiation the RadEye SPRD 
can automatically switch into radionuclide identification mode for 
immediate analysis. The editable trigger list allows users to select 
nuclides of concern from a list that includes all in the ANSI N42.48 
standard. Users may also define custom subsets based on their ‘Our Lutetium test adaptor ensures 


areas of interest such as medical or industrial applications. cule ane rete periormanca 


Law enforcement, border 
guards and special forces 
The SPRD is ideal for primary inspection 
of its surroundings and provides basic 
secondary inspection, allowing users to 
quickly adjudicate the most common 
alarms such as distinguishing medical 
patients from RDDs or crates of bananas from orphaned sources, 


Law enforcement officers can take advantage of its small, wearable 
size and its affordability to provide a sensitive and significant network 
of sensors to locate radiation. Rapidly determine identity and type of 
radiation, providing key information faster to determine if HAZMAT or 
CBRN teams are needed. 


Metal recyclers 

Detect, locate and identify orphan 
radionuclides in your incoming 
scrap material 


Specifications and ordering information 


adEye SPRD adEye SPRD-GN Wi aEye SPRO-H 

Radiation detected EE Gamma BY Ganma Neutron Gy Gamma 
Detector Oat CYC (G=2LVG8) Cos 
Energy resolution (662 keV) 75% 7.5% a 
‘ps per uSv/h (662 keV) 100 110 170 
ID-time @ 1uSv/h <5min <5min <2inin 
Detection from a01eV sleV 201eV 
ee ee weal wr 
PSD (Pulse Shape Discrimination) ny ves 0 
ene ee teens "0 Yes 29) 10 
Neutron verification vie prompt gamma thermal nautons & fast neurons vie prompt gamma 
Estimated Battery Life 780 hs 120s Te0nns 

Fist Prevents use orb inerdclon 4 mes more sensive io inreased ena 

“zanna sascha 

CraiecasenssnghO sores tadysuterginay ODN red 


such as granite or bananas from atfcial 
souroes such as medical, ndustial and 

‘SNM immediately through advanced NBR. 
1D capabity can fuly ajuccate medical 

patents from threat nucides. 
Respond to an emergency at a hospital 
‘alarms that dose rates are high near the 
blood radiation area 


screeng tool at borders, on 
boats and remote outposts 
‘were larger detection systems 
‘arent avatable 


Can be used as a secondary 
screeing fol accompanying the 
Packéye GN-2 backpack racation 
detector and as an alternative to 
large RID for source localization 
and identication 


‘We have an expansive 
library of radionuciide 
information. Qur easy 
to,ead display allows 
you to quickly set 
thresholds and identity 


dase rates 


‘Our sereen continuously 
shows you dose rate. AS we 
are also monitoring count 
rate you will be alerted by 
‘an audible or vibrating alarm 
if your count rate suddenty 
increases suggesting you are 
facing an immeciate threat 


(©2016 Thema Fatr Scenic ne. lighisesned Alar rarer ete propery of Terra Fhe Slane as subsides. Na at 


Canada Mexico, Cenral& SouthAmeric +(503)553 700 
i 491.22818800 | nlm com 
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+8554789723 | nioms singaperothernfahoream 
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‘The SVG 2 Radiacmeter is a 


hand-held, battery powered 
ratemeter for gamma and neutron 
radiation measurement ruggedized 
to meet the demands of the military 
and first responders. 


SVG 2 Radiacmeter 
NATO Stock Number 6665-12-358-1874 


—, 


Ss 


+ Measures: 
Gamma Dose Rate 
Gamma & Neutron Dase 
Alpha & Bota Contamination 


rN 


‘NATO Approved 


User analy Uiepley The SVG 2 Radiacmeter inorpora This instrument is designed with ease of 
viata newest generation of hardened handling in mind and are supported by its 
microprocessor technology to support low weight and power consumption. Both 
+ Ruggotized Kit battlefield radiological measurements for the curent gamma dose rate and the inte 
alpha. beta, gamma and neutron. This grated gamma dase may be displayed 
* knpanvonst THEE, HEMP & NATO approved system is designed to Alarm thresholds forall detection modes 
EMV Inorferances 
provide critical measurements for nul are adjustable. The alarms are annunciated 
+ Inorfaco to GPS & PC incidents and attacks. by an optically flashing red LED and 


acoustical signal via the earphone. 
The initial and residual dose rate from 

gamma and neutron radiation are detected The measured dose and dase rate are 
bystate-of-the-art semiconductor detection stored internally in memory. Buln func 


devices to provide the required sensitivity tion keys permit the stored values to be 
and durability necessary in hostile condi- recalled and displayed or transmitted over 
tions. Contamination measurements for a serial interface to aPC ta facilitate fur 


alpha and beta emmitters ae alsa support- ther investigation or report generation, 
ed in a unique external detector design. 


Part of Thermo Fisher Scientific SCIENTIFIC 


‘The SVG 2 kit is comprised of the following items: 


‘* Radiac Survey Meter with internal detector External ABG Prabe (Aipha/Beta/Gamma) * Earphone 
‘© Short Telescopic Handle for External Probe * Long Telescopic Handle for External Probe * Detector Cable Set 
Two Carrying Bags 


Residual Game 
‘Gamma Dose rater Wy to O00 SH Ty Ste te SRT ORT to ZOO Raga 
Gamma Dose: ‘0.0 uy to 2.000 ey (By switchable to Sv) (t Rad to 2000 Rad 

Energy Range ‘TOkeV to 3 MeV. 

Initial Radiation 

amma Radtator: TSG 1 OOO Soy TAO RATA 

Neutron Radiation: 4 eGy to 2000 Gy [1-2000 Rad) 

‘Alpha-Bota-Gamma External Probe 

‘ipha Messuromont Range: Oto 200000 eps, 

Bota Measurement Range: Oto 200.000 cps. 


Gamma Moasuroment Range: 0.01 uGy/hto 0 cGyfh (1 URADYh to 0 RADI 
Efficiency: (pulse X cm2/bota particlo) 


“ 087 
"Ce oan 
“Tr 02 
ase, 057 
Goneral Specifications 
Eatary Ute pproniataly THU Hour 
Temperature Range a0 ta 55° C (22 t0 131" Fl 
TEE: 10 eGy/s noutron (10 RAD/s} 
NEMP. 75KV/n, norm pulso slope 5 ns. 
EMV por V63597 $A 026, protocol {and 2 
$A 04G, protocol § and 6, 
$A 036, protocol 7, 8,9 and 10 
Heat Flash: 2 with $8 Jiem2. 
Salt Fog: ‘48 hours por MIL STD st0D. 
Proteetion Class IP 67 por VG 95332, page 12, avel 
Weight: 35kg (76lbs) 
Dimensions Sve: 160.90 x 78 mm (63 x35" x17). 
w/Bag: 250. 120 «170 mm (98° x47" x67") 
‘Avaliable Accessories 
+ Spare Parts 


“GPS Receiver 
PC program ta acqu 
~ Laptop or Desktop PC 


stored data 


‘Additional Features 
Uisplay. ~Rararanging asplay wih correct ramarogTea ots 
= Displays status, mode & function 
Flashing symbols alert usor to alarm conditions 
= Largo, backlit LCO display 
~ Analog trend indication of dose rate 
= Digital display of radiological value 
Keypad: = Large area dedicated function keys 
= Watertight 
= Illuminated keypad 
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RadEye Selection Guide 
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Handheld. Detection 


for Any Scenario 


SCIENTIFIC 


RadEye Product Family 


With the RadEye Product Family, Thermo Fisher Scientific offers a wide range of advanced 
handheld instruments for radiation detection, gamma dose rate measurements and area 
monitoring. 

This guide offers a brief description and technical characteristics for each instrument. For 
more detailed technical specifications, please contact your local sales representative or your 
appropriate customer service assistant. 

Americas 


info.eid@thermofisher.com 
United Kingdom 
customerservice.eid.beenham @thermofisher.com 
Europe, Middle East, Africa, Australia 
customerservice.eid.erlangen @thermofisher.com 
China 
info.eid.china@thermofisher.com 
India 
info.eid.india@thermofisher.com 
Singapore 
info.eid.singapore @thermofisher.com 


Any nation not listed 


customerservice.eid.erlangen @thermofisher.com 
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Technical characteristics 


Features 
+ Rugged and reliable 
* Large graphic display 


+ Lightweight instruments, 
starting from 160 g 


+ Simple and intuitive user interface 


* Easily configured for specific tasks 
* Durable and shock resistant 
* Accurate with excellent EMI immunity 


* Low power technology 


* Use of rechargeable standard-size batteries 


‘Menu operation 


Al of the parameters can be easily modified on the RadEye or 
using the optional software. These menu operations can also be 
reconfigured to simplify the instrument and to avoid any faulty 
‘operation. Navigation is made easy by a clear and intuitive 
interface, 


@ Opens the configuration menu, 
Once the menu is opened, features are selected by @ @ OO 


© Acitional information (eg, the accumulated dose, remaining 
time in a certain radiation field as well as mean and maximum 
‘measuring values) can be displayed. 


(© On-switch and key lock - similar operation to your mobile phone. 
° 


Operation ofthe audible indicator and alarm acknowledgement. 


+ High Eng. of Dose 


1.50 mr 


23999 min to Ald 
Le Mean-Max | 


cps 


Cpst? 190 4k 1OkIOOK 
ao 


= 21°C 
Secor IB HReh 
ingle Puls 0 : Ree heh 
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Radye software 


Al settings and the data analysis can be done using the optional Windows-based 
PC-software, and an accompanying reader device. In order to allow post-event analysis, 
‘the latest 1,600 dose rate values are stored in the data memory. For each datalogging 
interval both the mean and the maximum measurement values are stored 


Changes in configuration, along with alarms and errors, are saved in the RadEye 
memory. These events can be read out via the "logbook". Itis shown as a table and can 
be saved to the PC or printed. The loghook has a maximum of 250 data sets. Several 
events that accur at the same time are saved as one record. On the display every event 
is shown in one line fora clear view. 


RadEye PRD/PRD-ER 


‘Search and Find 


Features 
+ High quality PMT for excellent response from 30 keV _* Automatic background update, (i.e., no user action 
+ EMI immunity much better than photodiode necessary) 

instruments ‘+ NBR allows very low alarm levels for artificial 
* Nal(TI)-Detector for high response to SNM and radioactivity 

RDD’s * Designed to meet ANSI 42.33/1, 42.32 and IEC 62401 
* True dose and dose rate calculation avoids * Energy response behavior in Roentgen 


significant overestimation of low gamma energies 


NalTi-detector with high quality 
Redeye FAO Roe sir potomultites 
‘The “orphan source” phenomena is a serious glabal problem software switch for Ror Sv energy 


response and calibration 
as sources showing up unexpectedly in scrap yards, border 


PROT yR/h-25 mR/h 
crossings or numerous other public locations are a significant : 
snansuig tag (0.01 pSw/h — 250 ySv/h] 


potential threat. The Rade PRD represents a high-performance PRO-ER’ 1 yrem/h- 10 em/t 
measuring device for anyone responsible for finding [R01 pSwhh— 100 ms 
radiation sources whether they be first preventers (border guards, ies Testen ip wl) 000 Bie 


fosvm 
customs officers) or first responders (emergency services and law PPRD-ER. Tested up to 10,000 rem/h 


enforcement) {a0 sv/h) 


60 keV-1.3 MeV, excellent 
detection from 20 keV 


Overrange indication 


‘The RadEye PRD is 5,000 - 100,000 times more sensitive than a Energy range (+/-30 %) 
typical electronic dosimeter. 


Response for Cs-137 (662 kev) | 1. Ps perf 


‘When looking for lst or hidden radiation sources or {150 op per SV] 
contaminated materials, itis paramount to use a tool wth high Response fr Am-261 kev) | 3605p 
{2000 eps per Sw 

sensitivity and high selectivity ee 

- Tmax 2 
‘The RadEye PRD achieves this through a special technique based naar errortCs- 17} PRD-ER: max, + 20% 
on our patented Natural Background Rejection (NBA) technology. ase dais Yer cn 
It is the only instrument of its type and size to achieve this. ‘sensitivity by NBR (0.00 ysv/h} 


at low gamma energies 


‘The RadEye PRD incorporates a high sensitivity NalTl) 
scintillation detector with a miniature photo-multiplier allowing 
the detection of very low radiation levels with particular 
‘emphasis on gamma emissions below 400 keV. Thus, in case of 


Cosmic radiation background | Suppression typically > 95 % 


a nuclear accident, the RedEye PRD is ideal for sensitive I-131 
detection and measurement. ra 


Radye PRO #4250671 RadEye PRO #425067120 
Factory calibrated in Factory calibrated in 
exposure rate Ph He(10)ySv7h 


RadEye PRD/PRD-ER 


Search and Find and Gamma as eats 


Applications 


nd Safety 


* Steel and Recycling 
* Environmental Monitoring 


RadEye PRD-ER 


Special proprietary circuitry allows the energy compensated dose 
‘and dose rate measurement up to 100 mSv/h (or 10 rem/h), Thus the 
Fadye PRD-ER is the ideal tool for both interdiction and response, 
Unlike instruments using two different detectors for the low dose rate 
range and the high dose rate range, the single detector arrangement 
in the RadEye PRD-ER offers the following unique advantages over the 
whole measuring range 

* Consistent angular dependence 

* No mutual shielding of neighboring detectors 

‘Consistent energy response 

‘* No transition range with annoying hysteresis effects 

‘© No high activity source for function test of high dose rate detector 

required 

With the help ofthe RadEye PRD-ER test adapter, users can check the 
{ull detector performance on a regular basis — without the need of a 
high dose rate calibration facility 


RedEye PAD-ER #425067102 
Factory calibrated in exposure rate R/h 
Yellow front cover 


RadEye PRD-ER © #425067122 
Factory clbated in (10) uSv/h 
Yelow rontcover 


dye PRO-ER #425087104 


Factory calibrated in exposure rate R/h 
Black front caver 


Lutetium Test Adapter for PRD and PRD-ER 


For aditional information please see pages 37-38, 


RadEye variants PRD-S and PRD-ER-S 
‘The special firmware variants RadEye PRO-S # 425067130 
and Radye PRD-ER # 4250871365 includes the capability for 
scaler measurement, 


For additional information please ask for a separate data sheet 


S 


RadEye PRD-S gamma laboratory kit # 425089015, e.g. for 
sensitive measurement of small food samples. 


High Sensitivity Gamma Neutron Pagers 


Features: 
* Pocket-sized gamma neutron pager 


+ Very high neutron and gamma sensitivity 

‘+ Ideal for law enforcement officers and first responders 

* Immediate classification of gamma source (NORM/non-NORM) 
+ Energy compensated gamma dase rate 

* Dual gamma/neutron display 


* No false neutron alarms for even intense gamma sources 


‘The new Thermo Scientific RadEye™ GN Gamma Neutron Pager 
‘combines the superior performance of the Thermo Scienttic 

adye PRD Gama Pager with avery high neutron sensitivity that 
exceeds the time-to-alarm requirements of ANSI 42.32 and IEC 
‘62401. Furthermore the RadEye GN shows a signfcanty enhanced 
performance of the built-in NBR circuitry (NBR = Natural Background 
Rejection). It is now even more capable of diferentiatingartticil 
‘soufees from NORM than previous RedEye"™ PRDs, due tothe 
resolution and stability of the scntlator material, 


‘The RadEye GN identifies tothe user whether the alarms are due 
ta gamma or neutron by a diferent colored alarm LED, different 
tones and flashing the count ratefdose rate display readings with 

an inverted display background ofthe alarming channel or both 
‘channels as appropriate, The device also has diferent audible alarms, 
discriminating between elevated background/NORM and any artificial 
isotope alarm. The gamma and neutron audible alarms are clearly 
<iterent, This gives the RadEye GN audible and visual identification 
using NBR of the type of material detected, 


In conjunction withthe optional moderator (# 425067177), the Radéye 
GN pager can be transformed inta an even more powerful gamma/ 
neutron search device at vey tle additional cost. An estimation of 
‘the neutron dose rate can thus be achieved for perimeter marking as 
al 


and artical gamma radiation, Many thousands of devices, based 
‘on this technology, ae in use worldnide 


RadEye GN 


High Sensitivity Gamma Neutron Pagers 


‘The display has large B mm numerals and large clear radiation unt: 


Itincludes a quck-vew bar graph of current count-rate / dose-rate and alarm set points, including the floating sigma alarm point, i utized 


‘The dsplay also shows alarm status: 
* Artificial low energy alarm ‘Gross gamima count of dose rate alarms (2 alarm levels) 
* Artificial mid energy alarm + Gross neutron count rate alarm 

«© Actiticial high energy alarm ‘© Gamma dase alam (2 alam levels 

‘NORM balanced alarm «Safety larm (gamma) 


‘bright orange LED for gamma alarms anda rg ue LED for neutron alarms is viewable ftom the fant and above. When a dua gamma and 
‘auton alarm i detected, both LEDs flash Bath readings onthe cgpay are lashed with a reversed background. The RadEye GN canbe ted 
wih the Bluetooth™ (425067087) back that can be sett tak to @ PC o to ather devices for networking, 


Technical detas ofthe Thermo Si N Gammna Neutron 


Sue 96 mm x61 mm x31 mm 


Weight 160 9 


Battery fe time >300h 


Gamma count-ate from 30 keV to 1.3 Me 
Energy compensated gamma doserate ftom 45 eV 1 1.3 Mev (H*10) 
from 1 Rem to 25 mRem/h (0,01 Sw o 250 Sh) 

Neutron count-at rom 0,1 to 1000 ops 


Detection capabiity 


Gamma eficieny 300 cps per pSwh (Am-241); 130 ops per ySwh (Cs-137): 60 cps per pSwh (Co-60) 


4.3 ops/20,000 nis C-252; shielded in 1 cm lead 25 em in fron of instrument with 
Neutron efficiency 30 em x 30 cm x 15 cm PMMA phantom, 
Exceeds ANSI 42.32 and IEC 62401 alarm requirements 


Order number Radéye GN: #4250630 


RadEye G/G-10 


‘Gamma Safety Surveys 


Applications 

* Gamma surveys from background up 
to personal safety levels 

* First Responders 

* Nuclear Power Industry 

* Radiography 

* Radiation Protection 

* Radiography 

° G4 


Wide range survey meter RadEye G-10(SI-units) and 
RadEye G (US-market) 


The RadEye G and RadEye G-10 are lightweight and 
Very rugged instruments designed for quick and reliable 
measurement of gamma dose rates, 


‘Modern electronic circuitry quarantees excellent linearity aver 
six decades of radiation intensity: from background level to 
100 mSv/h (10 F/h} - with unlimited overrange indication. Both 
devices incorporate a large energy compensated GM-tube for 


for H-10 deep dose rate measurements 


Detector 


Energy compensated GV-tube 


Measuring range 


RadéyeG: 50 yR/-10R/h 
Radéye G-10: 0.5 pSv/h- 100 mSv/h 
(50 tema - 10 rem] 


Energy range 
(according to 1EC 60846-1) 


Redeye: 45 keV-3 MeV 
RedEye G-10: 50 keV -3 MeV 


Count rate for Cs-137 
(662 kev) 


17 ps per mA [1.7 eps per wSv/h 


precise dose rate measurement for gamma and X-ray Radéye Color front cover Order no. 
Radye 6-10 red #4250678 
Radye 6-10 white 428067602 
Radye 6-10 PTB red #4250675 
Rade & black #4750674 
Rade & yellow 478067401 
Common features of RadEye G and GF series 
Key features 
* Pocket size 
# Accurate 
* Lightweight 
* Large graphic display with chank somree 
clear prefix and bar graph To ensure top functionality of the Rade G series, we offer a test adapter based on 
+ Extreme low power consumption 200 KBq 82-193 - exempt quantity referring to e.g. NRG/IAEA/EU regulations. # 426067072 
er pertenent operetion For use in the US, a 5 uCi Cs-137 test adapter is available as well #4250870750S137 


* Energy compensated up to 9 MeV 


RadEye GF/GF-10 


High Range Ganima Surveys 


P Applications 
i * High range measurement 

* Radiography 

* Safety 


High range gamma survey meter RadEye GF-10 (SI-units) 
and RadEye GF (US-market) 


Detector Energy compensated GM-tube 


RadEye GF: 0.5 mAh 300 R/h 


The intelligent ratemeter algorithm (ADF mode) guarantees Acesuring ange Radye GF-10: 5 ySvmh-3Si”h 

that even the smallest changes in dose rate are immediately {05 mer 100 ren 
detected, while at the same time, random fluctuations are mmr Rol 
effectively suppressed (according to IEC 646-1)] Raye G10: SO keV-3 MeV 

All essential functions are easily accessed while wearing Count rateforCs-137 | Rautye GF: 1.3 eps per min 
protective glaves. The alarm-LED can be seen while the (s62kev) Fadkye GF-10: 0.13 ope par pS 
instrument is worn ina belt-holster. The instrument is also 

euipped with built-in vibrator ant an earphone- output for Roukje GF-# 425061475 Rade GF-10 #4506775 


silent alarming or use in very noisy environment. 


wa paze7 
135.uR/y 
: R 
aeereae aoe 
Background measurement “Alarm 1” and “speaker” signs. Alarm thresholds - not yet 
‘in the bar graph, indication law ‘Absence of trand arrow indicates ‘Trend arrow indicates increasing 
geese ‘oes 


RadEye G-Ex series €&) 


Intrinsically Safe Gamma Surveys 


Features 
* Intrinsically safe according to ATEX standards 
* Efficient and reliable dose and 
dose rate measurements 
* Large, clear and backlit display for 
error-free readings 
* Rugged and reliable 


RadEye G-Ex series ((-.) - intrinsically safe personal 
radiation detectors 

In emergency response and in industry flammable and explosive 
‘materials ike gases, dust and fers ean accur In such potentially 
explosive atmospheres itis necessary to use ATEX certified 
devices for your measurements, 


The Thermo Scientific RadEye G-Ex series comprises four ver 
of intrinsically safe handheld devices for gamma and dose rate 
‘measurements, They are designed according to the latest ATEX 
standards to meet the needs of their operator in and around 
hazardous areas. 


Devices certified as “intrinsically safe” are designed to be unable 
to release sufficient electrical or thermal energy to cause ignition 
of flammable materials like gas, dust or particulates. 

Beside the ATEX tags, the visual difference between the Rade 
versions is noted by the orange colo ofthe front panel ofthe 
intrinsically safe versions. 

Inside, the RadEye G-Ex devices have been re-engineered to 
reduce energy safety issues and avoid the generation of heat and 
electrical sparks. They are premium products designed for ultimate 
safety and accurate dose rate measurements, 
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* Lightweight, only 160 g (5.6 oz.) 
* Low power technology 


ATEX Certification RadEye G-Ex Instruments 


26-EX ia IB TA 


‘ATEX examination mark. This sign is required on all 
devices used in European hazardous areas. 


Classification of zones. I= deve is approved for all non- 

mining areas. 

1126 | 2=category ofthe device, here it means thatthe device 
is rata fr the second most hazardous areas. G = 

designates atmasphere, in this case gas, vapors and mist. 


Ex | Explosion protection based on European Ex-regulations 

ia | Explosion protection type, “ia is the highest level ot 
protection 

ig | 28 group for average reactive gases (except hydrogen, 


acetylene or disulfide) 


Temperature class gives the user the maximum 
14 | temperature of surface that may be in contact tothe Ex 
atunasphere under fault conditions. 14s rated at 135 °C. 


Radfye 6-10-Ex:# 425067660 
Radléye GF-10-Ex: # 425067670 
Raye G-Ex:# 425067460 
Radfye GF-Ex:# 425067470 


S 
~) 


RadE Ex seri 


Intrinsi ; Z 


C) o>5o 


Measuring range 


Radéye G-10-Ex From 05 ySv/h to 
100 mSu/n 

Radéye GF-10-Be From 5 pS¥/h to 
38vmh 


Sensitivity (Cs-137, 660 keV) 


Radye G-10-Ex ~1.Seps/Svh 
RedEye GF-0-Bx: -0.13 ops/pSv/h 


‘Measuring range 


Raye G-Ex: From $0 p/h to 10 7h 
Raye GF From 05 mn to 300 Rh 


Sensitivity (Cs-137, 60 keV) 


vsn 


RedEye G-Exc~17 eps/mfyh 
Redléye GF-Ex:~1.3 ops/mA/h 


Dose 05 pSvto 10 Sv 
Linearity ertor max +/- 10 % in the measuring range 
‘Alarm thresholds Two each thresholds for dose and dase rate 


Energy range 


45 keV —3 MeV according to IEC 60845-1 


‘Working temperature 


Relative humidity 


20°C... #50°C 


10... 90% at 35 °C 


Protection degree 


1P 65 according t EN 60 829 


ATEX classification 


1126 Bx ia BT4 (BEXUIOATEXTO9S 


Size 96x 61 x31 mm without rubber protector 
Weight approx. 160 g, including 2 batteries 

The latest 1600 measured values are saved 
arene and can be read aut via PC-program. Logbook 


With 250 enti for changes of caniguration, 
occurring alatms and errars 


Check source 


To keep the radiation detector functionality of the RadEyeG 
and RadEyeG-10 we affer a test adapter based on 200 k8q 
Ba-133 - exempt quantity referring to e.g. NRC/IAEA/EU 
regulations. # 425067072 

For use in the U.S,, a 5 pCi Cs-137 test adapter is available as 
well. # 425068707508 137 
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RadE 2 


'20-ER1 


Gamma Surveys Including 


Features 

* Energy compensated measurements from low 
energy to high energy 

* Low level measurements are easier and more 
stable than lon Chambers 

+ Leight weight (300 g), excellent grip 
with and without gloves 

* Rugged and compact design, thick 
rubber protective cover 

* Low cost of ownership with > 500 h 
operation time with 2 AAA batteries 
~ rechargeable NiMH-cells can be used 


‘+ Menu-driven user interface results in low 

ity 

‘+ Huge internal data memory for both scaler 
results and continuous data recording 

‘+ Bright backlit LCD display — plain text 
messages - different languages can be 
selected 

* Audible ion: single pulse or chirper 
mode proportional to count rate 

+ Earphone output for operation in loud 


training cost and immediate fami 


environment 


RadEye G20-10/620-ER10 


0-10 and 6 
according 

(10) 

re suitable for dase rate m 


pes including I+ 


lant gamma survey mete 


ambient Equi: 


nner and 


witha 


Fade 620-10 and Rade G20-ER 10 lative Gamma Response for H"(10) 


{SD Paton ery ha 005 


Gamma test adapter (50 g Lup0q) for RadEye G20/ 
G20-ER and portable scintillation detectors: # 4254948 
~ 62mm diameter, 7 mm height (aluminum housing) 
56 mm diameter, 3 mm height (Lug ceramics) 
~ Induced net dose rate for Radye G20: 0.25 uSv/h 
(25 rem/h}. 
~ Time requirement for response verification 
approximately 5 minutes 
For immediate response verification a 200 kBq Ba-133 
{exempt quantity) or other gamma test sources can be 
used. 


For additional information please see pages 37-38, 
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RadEye G20-10: # 4250687 
Fadye G20-ER10:# 425068710 
Holster for RadEye 620/820: # 425088519 


RadEye B20/B20-ER 


ee ‘Surface Contamination 


Applications + Hospitals, 

General radiation protection for: + Nuclear power industry 
‘+ Homeland security + Pharmaceutical industry 
+ Fire departments, * Universities 


‘+ Emergency response 


B20 is for normal measurements, 
B20-ER is for high range measurements. 


Features 
«+ Lightweight (00 g), excellent grip with and without gloves 
‘= Rugged and compact design, thick rubber protective cover 


* Low cost af ownership with > 500 h operation time with 2 AAA 
batteries —rechargeable NiMH-cells can be used 


1 Menu-rven use interface results in ow training cost and 


immediate familiarity 

+ Huge intemal data memory fr both scaler ests and 
continuous data recrding 

‘+ Bright backlit LCD display — plain text messages ~ ferent 
languages can be selected 


‘+ Easy adaptation to diferent tasks by supervisor configuration, 
calibration, selection of measuring units 


* Versatile operation modes: 


Scaler/Timer with preset count and preset time fr sample 
measurements 


Continuous ratemeter mode fr frisker operation 
Dose rate mode 


‘Audible indication: single pulse o chirper made proportional ta 
count rate 


«Earphone output for operation in loud environment 
 FALPC interface or Bluetooth® as option 


‘= Advanced Windows® software is available as option 


Radyo B20: #4250685 
Rade B20-R: # 425068510 
Holstor or RadEye B20/20:#azsn6nsts 
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RadEye B20/B20-ER 


phe B HI) «HOT 
Nofier — AphaBecker HOFer OR 
Autodetection ite ‘wees ose geal 


esata ts o som sum 


‘Automatic recognition ofthe filter by the RadEye's processor 


‘Automatic recognition of the fiter by the RadEye's processor 


outate fering ar 


ws ose ate 


Detector 


1 pancake GW-tube, window dia, 
44mm 17"), 18-20 mg/cm?) 


Measuring range (gamma dase rat) 
Uncomipensated (662 keV} or with 
opt. energy filter: 


(0-2 mSv/h (0-200 mre] 
RadEye B20 


(0 100 mSu/h (0-10 remy} 
Radye B20-ER 


Measuring range (contamination): 


0-10 keps Radéye B20 
(0-500 kops RadEye B20-£R, 


2welficiency (ref. to 50 mm 
tiameter without rubber sleevel 


‘Am-241: 2B %; Co-80: 25 %; 
Si/¥-90 36 %; (14:19 % 


Energy range 
[according to IEC 6046-1) 

with gamma energy filter H"(10) 
and H10.07) 


17 keV —3 MeV 


Weight and maximum dimensions 


300 g(0.7 hy} 13x7x6 em, 
(62x28 x24") 


‘Alarm indication 


LED, sound, vibrator 
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Rad Eye B20/B20-ER 


First responder laboratory kit * 


Pelican case # 425089011 
i containing 


* Sample change foruse with the 
Radtye B20 


* Sample planchets with different 
lip heights 


* Disposable gloves, spatula 
#50 mm paper filters 


Space for optional items: 

* Data cable and desktop holder 
© User manual 

* Lutetium-Oxide test adapter 

* RadEye B20/820-ER 

* Additonal RedEye (PRD or N) 
* Two removable energy filters 


* Ploase order a RadEye B20 or B20-ER soparatoly 


Lutetium Test Adapter 


High precision, low energy test adapter for performance 
Verification # 425068571 


~ 9g natural Lutetium-Oxide with 50 Ba/g (1.4 nCifa) 


~ Due to half life of 37,000 million years of Lu-176, there are 
‘no error-prone half life corrections necessary by the user 


~ Extremely uniform activity content and surface emission rate 


~ Identical surface emission rate for each test source 
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RadEye NL 


Neutron Search and Find 


Features 

e Rapid warning of neutron radiation fields 

e Applicable as an area monitor 

e Exceeds the neutron response requirements 
of ISO 22188 

e Ideal complement to passive and active 
neutron dosimeters 

¢ Detection of neutron shielding deficiencies 
and source presence 

e Ideal complement to Rem-counters 


¢ No spill-over from gamma radiation 
up to 10 mSv/h (1 R/h) 

e Ideal for verification of neutron fields 
when dealing with unknown radiation 
sources 

e “No false neutron alarms due to gammas” 

¢ Can be used in high gamma dose 
rate fields 

e Can be made into dose rate device 


RadEye NL 
The RadEye NL closes a gap in the classical product spectrum of 


the radiation measurement technology. 
While conventional Rem-counters with a He-3 or BF3 tube are 
usually heavy and bulky instruments, the RadEye NL is a compact 


and lightweight device, even in use with a moderator. 


G6 x61 x31 mm 8424417) 


He-3 tube with 2.5 bar absolute pressure 


approx. 0.2 cps per uSv/h (2 cps per 
mRem/h) for Cf-252, 

detects 0.01 yg Cf-252 in typically 
2-3 for 25 cm (10") distance 


Baekarcund approx. 0.003 cps at 300 m above sea 
9 level 
Banna sleeve < 0.2 cps at 10 mSv/h (1 R/h) Cs-137 
P radiation 


Count rate (cps) moving average 
over 10s 

Mean value and peak value over any 
time period 


Operation time 
(7 AAA alkaline batieriagy. | 200% 00h 


The calibration factors for selected work 
places with known neutron spectra can 
be entered [mrem/h, ySv/h]. 


Sensitivity when worn 
at the body (RadEye NL) 


Measuring units 


Calibration factors 
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Provisonal values for the measured ambient dose equivalent H*(10) 
response of the moderated RadEye NL, with the bottom of the 
moderator oriented toward to neutron source. 


NeunOniener Measured H*(10) Response 
(MeV) gy (Moderator ‘Bottom’) 
(cps / uSv hr?) 


CS 


*Mean energy of radionuclide-based source spectrum 


RadEye NL: # 4250678 


Rad Eye NL 
Neutron Search andFind 


Applications 


* Users of industrial neutron sources * First responders and law 


(e.g., in geology and material testing) enforcement officers 
* Operators and users of accelerators 

in medical science and research 
* Radiation protection staff and 


tors of nuclear facilities 


‘The RadEye NL is normally wor in a holster. In order to use it as a handheld survey 
meter and to increase the efficiency fr fast neutrons, the Radye NL can be put into 
‘an optional moderator with handle. 


RadEye NL moderator: # 425087110, 


For simultaneous gamma and neutron dose rate m 
be fixed to the moderator. 


Holder for optional second RadEye: # 425067073 


‘While the RadEye NL is wom in a Rem-halster close ta the body, the handheld 
RadEye G-10 displays the measurements of both devices. Thereby the 
communication between the two Radye instruments is enabled via two optional 
RadEye Bluetooth communication battery covers (page 36). 


Rade BTcom battery cover: # 425067087 
RadEye Rem-halster with boron inlet: # 425067710 / a 
RadEye BTcom Combo with 2 ea. paired BTcam battery covers # 425068102 


RadEye NL Area Monitor with additional alarm unt, 


RadEye Area Monitor: # 4250680 | 
‘Alarm unit: 425068010 
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RadEye AB100 


Simultaneous and a — Contamination Measurements 


Features 
Lightweight (900 g), excellent grip 


with or without gloves 


Rugged and compact design 


Low cost of ownership 


Menu-driven user interface 


Huge internal data memory 


Bright backlit LCD display — plain text messages — 
different languages can be selected 


Easy adaptation to different tasks 


« Supervisor configuration, calibration, selection of 


measuring units 


Versatile operation modes: 
- Scaler/Timer with preset count and 
preset time for sample measurements 
- Continuous ratemeter mode for frisker operation 
- Alpha, beta and alpha + beta modes 
- Gross or net counting 
Audible indication: single pulse for alpha, chirper 


mode for beta - proportional to count rate 


Easy adaptation to different tasks 


RadEye AB100 


The RadEye AB100 is a modern contamination meter for surface contamination 


Measurements with excellent alpha/beta discrimination. The user can select 
the proper calibration factor within a list of isotopes (e.g., Bq, Bq/cm, dpm). 

The instrument is part of the growing RadEye family of high-end stand-alone 
meters, which are designed to meet the most demanding user expectations. 


Simultaneous measurement of 
alpha, beta and gamma radiation 


MB Scaler> 


Scaler mode 


Dual display 
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Efficiency (per su | ATT 23%) 
oars et S| cn 23% (B) 
face emission] S1/V-90: 49% (p) 


Gamma response 
(Cs-137) 


approx. 40 s"/(ySv/h) 0.4 s"/(yR/h) 


Window thickness/| 


Thickness: 0.87 mg/cm? aluminized 
plastic film 


Active area Sensitive area of 69 x 145 mm [2.71" 

x 5.71" Open area of approx. 85 % 
Dimensions/ 355 x 100 x 180 mm [14 x4x7.1"]/ 
Weight approx. 0.9 kg [2 Ib.) 


RadEye AB100: # 4250683 


Radkye,Xseries 


Features 

* The RadEye X survey meters can operate with 
virtually any manufacturer's GM probe, wit 
phosphor a/fi, Nal(Tl) and plastic 
probes and proportional detectors 

* Up to 16 different probe configurations 
are selectable in a submenu 


dual 


* Easy to replace probes in the field, with a simple 
button-push 

* Weighs only 160 g (5.6 oz.) with rubber 
protection, without cable 

* 110 x 67 x 62 mm (4.3 x 2.6 x 2.4") 

* Versatile operation modes 

+ RadEye BTcom cover for Bluetooth® 
communication 


RadEye X series 
A part ofthe growing RadEye product family of high-end stand- 
alone meters, the RadEye X series is designed to exceed the mast 
‘demanding user expectations, 

‘The RadEye X serias comprises three different types af modem and 
compact multi-purpose survey meters that ft most any external 
counter tubes that have already been in use (e.., the nuclear 
industry: 


* RadByye GX for Geiger-Mueller detectors 
‘ Rade SX for scintillation detectors 
‘ RadBye PX far proportional detectors 


General count rate and surface contamination measurements can 
be performed as well as dase rate measurements, Due to the clear 
and large display, all essential functions and software parameters 
can be easily accessed. The display and the alarmLED can be seen 
‘while the instrument is worn in the transparent case 


All settings and the data analysis can be done by an optional 


Windows"-based PC-software and a reader device. The last 
1,800 mean and maximum values of the count rate or dose rate 
are recorded internally and can be read out via a serial interface. 
Additionally, the instruments log the last 250 alarms, error 


messages and changes ofthe configuration. 
Operation modes: 
‘ Scaler/Timer with preset count and preset time for sample 
measurements 


‘Continuous ratemeter mode for frisker operation 
‘Dose rate mode 


The Therma Scientific Radye BTcam cover pravides wireless 
communication and data transfer between the RadEye X 
series and a PC, 
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RadEye X series 
tc lt 


Features 


* Universal interface via non-proprietary coax cable 
* Connection to a large variety of probes 
* Approved detectors can be kept in use 
* Improved performance, (e.g., measuring range, built - 


in datalogging, computer interface) 

* 90 % weight and size reduction compared to 
conventional survey meters 

* Compatible to all RadEye accessories 


Technical details RadEye X se 


‘Measured quantities 


‘Count rate eps, cpm), surface contamination 
(Ba, dps, dom, Bam, dose rate (R/, Sv/h, 
rem/h) 


Operating voltage 


1,8. 4V, battery low voltage starting from 
2av 


Background subtraction 


In count rate and contamination mode 


Sealer/timer 


Preset count, preset time 


Measuring range 
(Default) 


Fadye GX: 10,000 eps | extendable by 
FadEye SX: 100,000 ens| individual probe 
Fadye PX: 100/000 eps} calibration 


ewe 


Disturbance emission: EN 6100-63, 
Immunity : EN 61000-6-2 


Probe cables 


AG 58, max 1.5 m (59°) MH connector, 
ifferent (probe-side) HV connectors 
avaliable, please call us 


11067 x 62 mm (43° x26" x24"), with 
rubber protection, without cable 


“Around 160 g(0.35 Ib including AAA cals 
and protection sleeve 


High voltage range 


Faye GX: 960 V. 
impedance 1 MA 
Faye SX-300V. 
Fadye PX: 300 V- 


1700 V with output 


1400 V with output 
1400 V with output 


Probe brary 


16 different detectors with corresponding 
high voltage, callration factor, dead time 
correction, overload threshold, detector area 
and timeout fr detector failure. 


Internal memary 


The last 1600 measured values are saved 
and can be read out via PC program. Max 
and mean value of count rate and dose rate. 
The time interval i factory preset to 120s 
by default. As well scaler measurements 
‘and momentaneous readings can be stored 
‘manually. Laghook with 250 entries for 
changes of configuration, occuring alarms 
and erors 


‘Alarm threshold 


Two alarm thresholds for count rate, activity, 
dose and dose rate each 


Averaging fers 


Ratemeter filter type: Advanced Digital Filter 
(ADF), Digital RC-ilter with time constant, 

1 s..180 5, depending on count rate and count 
rate change, 


‘Audible alarm intensity 


80 dB ata distance af 30 em 11.8") 


‘Working temperature 


20°C 450°C (-4°F_.122 °F) 


Relative humidity 


Radéye GX: # 4250692 
RedEye SX: #4250693 
Radye PX: # 4750698 


10 . 90 % at 35 °C (95 °F] not condensing 


Battery if time 


‘Depends on extemal 
detector aquited 
high vottage nd 
node chain 
impedance), 
farinstunent alone 


Radye GX: > 500 h 
Radye SX-> 500h 
RadEye PX: Apprax. 200 h 


RadEye GX 
For External me Detectors 


Features 

* Accepts a wide range of GM-detectors 

* Dose rate measurement 

* Contamination measurement 

* Parameters for up to 16 different probes 
can be stored in the memory 


RadEye GX 


Compact multi-purpose survey meter for Geiger Mueller detectors. 


‘The RadEye GX can store data of up to 16 individually adjusted and calibrated probes. 


Fadye GX: # 4250692 


abe 


RadEye GX-L 


The economy version is limited to a count rate of 10,000 eps (800,000 cpm), and is, 
perfect for connection of contamination detectors. 


Radye GX-L: # 425069205, 
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RadEye SX 


For External Scintillation Detectors 


Features 

* Accepts a wide range of dual phosphor («/B), 
Nal(TI) and plastic probes 

* Dual channel display 

* Count rate measurements 


* Dose rate measurements 

* Surface contamination measurements 

* Parameters for up to 16 different probes 
can be stored in the memory 


RadEye SX 


Compact multi-purpose survey meter for scintillation counter tubes. 


RedEye SX: #4250693 
High Sensitivity Gamma Food Monitor 
Foutine inspections for radiation in food are 
performed mast economically and user friendly 
with the Therma Scientific High Sensitivity 
Gamma Laboratory Kt. 


Itsupports the laboratory and also field 
‘measurement program for contamination 
resulting from a nuclear accident 


Gamma Food Monitor: # 425089025 


) 


‘Alarge, dual phosphar scintillation probe for 
‘monitoring personnel, tools and work areas with 
efficient alpha/beta discrimination. Adapter 

for connecting the RadEye SX tothe detector 
types: AP5A, APSB, BPI9A, BP198, DPEA, DP6B, 
‘Adapter # 425069960, 


RedEye SX with DPS 


‘Atand probe with a lightweight and rugged 

‘design for general purpose alpha/beta survey 

and fisking. Adapter for connecting the RadEye 

SSX to the detector types: HP3BDA, HP3E08, 

HPSBOAB, APZ/4A, AP4/4B, BP7/4A, BP7/48, 

DDP2/4A, DP2/4B, APA/4A, APA/AB, BP4/4A, 

‘BP4/4B. Adapter # 425089261 RadEye SX with HP 380 AB 
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Raye SX with DPB 


A ftoar monitor prabe with 2 
choice of ruggedized 

{500 cm scintillation alphas, 
betas, or alphas and betas, 
simultaneously. Adapter for 
ccannecting the Radye SX to 
the FLMS, Adapter # 425067079 


Rade SX with SPAS 


‘A probe with rectangular- 
shaped 600 em windows 
for monitoring large-area 
flat slpha/beta surface 
contamination. Adapter 
for connecting the RadEye 
‘Ko the detactar types: 
‘APG, APEB, BPI7A, 
P17, DPBA, DPA 
‘Adapter # 425069963, 


oad 


RaaEye SX with FL 


‘A rugged, high-sensitivity 
gamma detector used for 
pulse-height applications. 
‘Adapter for connecting the 
RadEye SX tothe SPA3, 
‘Adapter # 425069065, 


RadEye PX 


For External ae Detectors 


Features 

* The RadEye PX can operate with 
proportional detectors 

* Lightweight, only 160 g (5.6 oz.) 

Compact size, 110 x 67 x 62 mm 
(4.3 x 2.6.x 2.4") 

* Dose rate measurements 


RadEye PX is for Proportional detectors 
such as He-3 and BF neutron detectors 
and an excellent replacement for the 
much larger and heavier E-600 and 
ASP-2 style meters. 


* Surface contamination measurements 
© Parameters for up to 16 different probes 


can be stored in the memory 


RadEye PX 


pact mult-purp 


surface c 
ements in combination with ga 

For neutron dose rate measurements, which 

with He-3 or Bi Rem-counters, the ne 


replacement 


Rade PX: # 4250694 
‘Adapter for connecting the RadEye PX to the NRD general purpose neutron "REM-ball” 
‘Adapter # 425089501 enables the use of NAD instruments previously connected to 

other survey meters Radlye PX with NAD: #4250695 


we @ 
aye PX with WENDL 425069461 
‘Adapter for connecting the RadEye PX to the 
WENDI wide energy range neutron detec- 
tor. Adapter # 425069460 enables the use of 
WENDI instruments previously connected to 
other survey meters. 
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RadEye NBR 


Portable Hi is Sen: ine Radiation Monitor 


New highly sensitive Thermo Scientific radiation detector system for fast discrimination between natural and artificial gamma radiation. 


Key Features: 
‘© Alarm on small trac 


of artificial gamma radiation 
++ Ideal for detection of shielded sources 
= Weigh 


spprox. 3 kg only 
* One hand operation 


‘The RadEye™ NBR is a combination af the Thermo Scientific RagEye 
‘SX mut-purpose meter and the FHZ 674 NBR detector. Even in case of 
large variations ofthe natural background during the search, very small 
contributions of artificial gamma raciation can be detected by a NBR detector 
(Natural Background Rejection). Especial for shielded or emate gamma 
sources, the Radye NBR system wil gnerate unambiguous audible and 
visual alarm indication within seconds, even ithe incremental dase rate is 
Justin the order of 0,01 uSufh or less. 


Compared to the wel-knavin system FHT 40 NBR, battery operation time 
has been increased by 5 times, weigh has been reduced by 1 kg and, as an 
‘adaitonal ature, the possible presence of artificial radaton is indicated on 
20 to 200 %-scaled bar graph (100 % = NBR alarm set point). This feature 
is extremely helpful during any active search mission. Furthermore, following 
‘mutiple user suggestions, the audible indication for postive detection of 
artfcial radiation is naw well cstinguished from the typical much more 
‘requent grass gamma alarms that are caused by changing background 
conditions, Unik the FHT 40 NBR, were the dose rate range is extended 
up to 1 Suh (FH 40 6-10 as control unit} the Radéye NBR dose rate range Is 
limited to 100 ySwh. For higher dose rates, the use ofan addtional gamma 
survey meter (e.g. the RadEye G-10) is recommended. 


NBR = Natural Background Rejection 


and artical gamma radiation. Many thousands of devices, based 
‘on this technology, are in use worldwide, 
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RadEye NBR 


Portable Hi i Sen: an Radiation Monitor 


Operational Areas: 
« First responders / Fire brigades 


*» Security prof 
Er 


sionals 


ronmental monitoring 


*» Remediation 


‘The RadEye NBR system # 4250751 consists of RadEye SX, FHZ 674 NBR detector, detector cable and rugged carrying case. 


Technical specication ofthe Therm 

Order number #4250603 

Measured quantities (with FHZ 674 NBR)_[ Count rate (ens, opm), dose rate (Sv, renv/h), NBR. 

Probe cables G58, max. 1.5 m (69°) — NAV connector 

High voltage range ‘300 ¥. 1400 V with output impedance 2 MO, typicaly G00 V for FHZ 674 NBR 

‘Alarm threshold Two alarm thresholds for count rate, dase and dose rate each, NBR 

Audibe alarm intensity 80 dB ata distance of 30 om (118°) 

Working temperature 20°C + SOC LAF. 22°F) 

Scale Timer Preset count, preset tine 

EMG Disturbance emission: EN 61000-6-3, Immunity: EN 61000-6-2 

Size 110 mm x 67 mm x 62 mm (8.3° x2.6" x 2.4"), with rubber protection, without cable 

Weight ‘Around 160 g (5.6 oz) including 2 ea, AAA cells and protection sleeve 
The last 1600 measured values are saved and can be readout via PC program. Max and mean value 
of count rate and dase rate. The time interval is factory reset to 120 s by default. swell scaler 
‘measure ments and momentaneous readings can be stored manually. Loghook with 250 entries for 
changes of configuration, accurting alarms and errs 
Battery if time Typically 150 h with FHZ 674 NBR 


Internal memory 


nnectvty op probes please ask fora 


Order numer #4250750 
Detection Sensitivity approx. 4000 cps per ySvih at 662 keV, highy sensitive from 15 keV (frond), respectively 20 keV (si) 
Energy response (H"(10) Exceeds IEC 62583" requirements (+/- 80 % for Am-241, Cs-Ta7, Co-60) 

Dose rate range (05-137), 0.07 pSv7h to 100 ySWh 

Weight 2800 g excluding shoulder strap (200 g) and Radéye SX (160 @) 

Dimensions 308 mm x 230 mm x 110 mn 


for photon detection of radioactive material, 


fie adustment and test indication of artificial (= non-back 
Exempt check source Cs-137 3.7 kBq (01 pC), sealed in a 1° resin chip #5M1149479010 
Lutetum Test Adapter 60 g Li203 ‘approx, 80 Ba/g Lu-176, 62 mm dla. chip (aluminium housing) #4254048 
Tutetum Test Adapter 36 9 L203 ‘approx. 50 Bq/g Lu-176; for use with Radeye PRD as well 425067071 
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RadEye HEC 


Stand-alone scaler counter 


Features 

* Simultaneous alpha/beta measurements 
* 800 hours battery operation 

+ Non-volatile data storage 


* Customized library of up to 16 test sources with automated 


half life correction 
* Library of up to 16 nuclide efficiencies 


* Simple detector performance verification with 9 g Lutetium 


Test Adapter 


RadEye HEC - alpha/beta sample counter 


‘The RadEye HEC is a sample counting system that 
provides simultaneous alpha and beta measurements 
The system incorporates a 2" (5 em) dual scintillation 
phosphor mated to a sliding drawer accommodating @ 
2" (5 cm) diameter sample, Using a height-adjustable 
sampling area the drawer permits the use of different 
sample types and must slide fully to the rear to initiate 
the counting 

The housing is made of durable plastic to withstand 
even rough handling, The built-in handle, in combination 
‘with the battery option, allows up to 800 hours field use 
before the batteries have to be charged again 

The last 4500 values of the measured data in the 
selected measuring unit ae recorded internally and can 
be read out via serial or USB interface. Additionally the 
RadEye HEC logs the last 250 alarms, errors and changes 
of the configuration. All events can be read out via serial 
interface, A real time clock is provided to adda time 
stamp to all buffer data 

‘The characteristic features of the RadEye HEC are the 
Use of sophisticated low power technology components, 
‘well known from all RadEye versions, and microprocessor 
based fully automatic self checks. No maintenance 

is required. 
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Detector | 2° (Sem) diameter alpha and beta sensitive scintillator 
Typical 2 w efficiencies (60 mm sources) 
Alpha: "Pu typical 85% (surface deposition) 
2am typical 75 % (activated A-iayer of 6 um) 
Efficiency | Beta: Te typical 45 % 
5-2 typical 70% 
typical 20%, 
<7) counts per minute (ep in the beta channel and <2 epm 
Background | in the alpha channel ina background of 0.25 pSw/h (25 yR/h) 
gamma 
rossi | “AM alpha to beta crosstalk < 10%, *S1-Y beta to alpha 


crosstalk 0.1 % 


Sample drawer 


2.03" (51.6 mm) diameter x 0.38" (9.6 mm) thick maximum, 
The sample thickness can be adjusted between 5/16" 

(8.2 mm) to 1/8" (7.9m), The sample holder and slide are 
black anodized for ease of decontamination 


Mechanical | Single package design to allow for portability 
Units Counts, epm, eps, Bq, Ba/em®, dm, dps 

User selectable count time between 1 second and several 
Count time 

hours 
Preset count | User selectable between 1 and 9999 
Background | User selectable count time 1 second to 60 minutes utilized in 
update background subtraction of sample counts 


RadEye HE 


Stand-alone scaler counter 


Alarms User-defined alam limits on samples 
Calibration Vie PC program 

PC-software Standard RadEyeexe > version 1.17 
Power supoly 100-240 VAC, 50-80 He 


Count storage 


Datalog samples using sequential up to 4500 samples, Each data 
point wall include sample ID, sample count result, time and date 


Temperature 01080°C (82 to 122°) 
Humility 10 to 90% non-condensing 
1 to6 million ep (100, 600 cps fr beta and 1 1.06 milion ep 
Saunt rege (10,000 cp) fr aia 
The Rady HEC audible outputs used to signal: 
ae When te sample has completed ts count 
a = Whenever an alarm aceurs {when activated) 
-Presenteof alpha ration (when activated) 
Sie and weight 15475 12" (8821x121 305 cml bs (4.1 kgh 
Testing CE approved 
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RadEye Area Monitor 


Area Monitor 


Applications 
* Nuclear Power 

* Nuclear Process 

* Industrial 

* Personal/Worker Safety 


RadEye Area Monitor 


‘The RadEye Area Monitor is an application suitable for 


several different RadEye types, The fallo 
are possible: 


© Gamma dose rate measurement (RadEye G) 


« Highly sensitive alarm indication for radio 
ces (RadEye PRD) 


© Detection of 


The wall-mounted RadEye Area Monitor extends the 


application range to convenient and cost-ef 


and neutron area monitoring. In case of exceeding a 


5 off an auel 
alarm and the RadEy 
instrument. 


‘Incase of power failure the RadEye i 
due to rechargeable batteries and built-in 


«Simultaneous gamma and neutron mori 
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Acoustical and optical alarm is indicated by 
the Rade Area Monitor and the optional 
external alarm indicator. 


Hom and bright fash light can be acknowl- 


plications 
edged even f radiation level is stl elevated. 


active gamma 


fe gamma 
Authorized staff takes the 
RadEye out ofthe box, 


| operational 
battery charger 


1g with two 


The green light of the exter- 
nal indicator turns an ance 
the RadEye is reinstalled 
inthe box. Now the Area 
“Moaito is eady for action 
again, 


RadEye Area Monitor 


Area Monitor. 


The RadEye Area Monitor can be complemented with an external alarm unit with 
hom and beacon, An occurring alarm can be acknowledged remotely controlled, 
Thereby the alarm unit should not be installed ata distance of >10 m (other lengths 
‘upon request) 


9... 


Radye Area Monitor: #4250680 Additonal alarm unt # 425068010 


RadEye Area Monitor: Enclosure with transparent door, 
car adapter; AC/DC adapter with 2 m cable + connector, 
red light on enclosure; RS 232 interface 9 pin D-SUB 
connector (watertight; connector for external alarm 
unit, The RadEye has to be ordered separately. 


Additional external alarm unit consisting of: 5 m cable 
with connector fiting to connector at 4250680; small 
box with latching relay and acknowledgement button; 
5 mcable between the box, strabe and har with wall 
mount holder. 
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RadEye GR 


Wireless radiation detection ae for —_ installation 


Features 

* Rugged radiation detection and alarm system 

* Small size - negligible load capacity reduction 

* Enhanced sensitive for low gamma energies 

* Superior value - small investment and low cost 
of ownership 

* Multiple portable RadEye R display units 
possible 

* Extremely high battery lifetime 


‘+ Nearly maintenance free 

+ Very straightforward installation process 

+ Simple and comprehensive datalogging and 
reporting via RadEye Safety Kit Software (pages 
33-34) 

* Only one person required for radiation test 

‘*Real time monitoring and system integration on 
request 


RadEye GR - Wireless radiation detection system for 
grapple installation 

ng ed as providing leading-edge vehiole and port 
radiation monitoring sotutic 
fic's Rad 


metal recycling industry 
Thermo S ‘mounted radiation 
detection system 
designed to minimize the threat of ra 
p metal stream. 
The Therma Scientific RadEye GR is a radial 
ned and proven through extensive testing for the 
forces and harsh 
grapple 
‘monitor is smal 
he entrance ofa facility, it more than makes up for am 
sensitivity as the RadEye GR detector is much closer (law of 1/F 
the radiation field) and the tive source is less shielded 


by the surrounding scrap. Furthermore, the contact time is longer 


han for a portal monitor whi 


ctor unit installed q 


ckly and easily at mast of the 
‘common grapple types. Its comy takes a minimum of space 


and so does nat sign 


The RadEye GR provides superior response to radiation exactly at the 
energy range of importance to catch shielded radiation sources 


The battery powered receiver RadEye R displays current readings, 


annunciates alarms and logs data wirelessly whether you are in 
the cabin of the crane or nearby the grapple. Multiple RadEye R 
Units can receive data from one grapple detector over a distance 
> 100 m (at ImW transmitting power) 


For details, please ask for aditional product information, 


Features 
* Accessory for RadEye PRD/PRD-ER and RadEye R 
© Highly sensi 
* Compact, rugged and lightweight 
* Advanced personal radi 


eto gamma radiation 


ion protection 


* Provides precise periodic measurement sampling 
and documentation with enclosed software 
* Suitable for vehicle surface scans and area moni 


R fety Kit 


joring 


RadEye PRD Safety 
PRD-ER and RadEye R 


conjunction with RadEye PRD, 


‘The Thermo Scientific RadEye PRD is the first choice for highly 
portable, personal radiation detection in the recycling industry. 
‘The well-proven RadEye, which has served thousands of law- 
enforcement and homeland security professionals since 2005, 
is also available in conjunction with an application-tailored 
“RadEye Safety Kit” Geared specifically to the industrial user, 
this configuration provides the following advantages and 
possibilities: 


+ Small size and belt holster means it can be worn at all times 
for non-stop vigilance at any facility 


* Adapter and extender poles allows the user's reach to be 
extended up to 14 feet (4 m enabling easier and faster 
searching 


* Data capture hardware and software allow target vehicle 
radiation data to be tagged with user input meta-data, for 
better quality control/documentation 


* Lutetium test adapter uses naturally occurring material 
of very low specific activity to verity the performance of your 
PAD or ather radiation detection instrumentation safely 
and accurately 


Radiation detectior 


personal protection 


The Thermo Scientific RadEye PRD offers unmatched sensitivity to 
‘gamma radiation and true dose rate calculation. When wor in its 
holster, the RadEye PRD protects its owner at all times, long before 
radiation health concems come into consideration. With this roving 
detector orphan sources may be found at your facility. The RadEye 
shorthandle provides dramatic reduction in the dose rate at the 
user's hand, ifthe Radye PRO is clase to the source (compared to 
the RadEye PRD directly held in the hand). Optional 4 ft. (1.2 m) and 
14 ft (4 m) extensions ease the measurement of vehicle loads or 
piles of suspicious material, The large backlit LCD, the bright Alarm- 
LED and the built-in vibration alarm facilitate the ease of use of 
this instrument while the nylon holster and rubber shock protection 
censure its durability and reliability 
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Content of the RadEye PRD Safety Kit # 425067193 
@ Holster tor the RedEye PAD 

@ Universal Radeye PRD “snap in* adapter 

@ Fade ye PAD Test Adapter (natural lutetium oxide) 


@ Short handle tor “snap in” of the universal RedEye PRO adapter 


@ ss to the Redeye PRO’s IR port adapter cable 


@ Aadkye PAD desktop stand with mounting support of the adapter cable 
@® Special application-speciti software and handbook 


The Rade has tobe ordered separately! 


4 tigh sensitivity gamma pager 
Radye PRD: 
Up to 25 m/h #4250671 
Up to 250 ySv/h # 425067120 


Radfye PRO-ER: 
‘upto 10 Fh # 425067102 
‘upto 100 mSy/n# 425067122 


Options: 

+ 425067076: 1.2 m extension 
#425067076-58:58" extension (America ony) 
+#425067077: 40 m telescopic extension 
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Scanning for contamination is assurance of quality 


lf the Radéye PRD 
specific Rad 
protocol that no radiation was found in their 
par 

1d with the measurem 


‘the manual scanning 


anplica Software dacuments vi printing of thes 


tion such as “Cor 


prin 


Recording and documentation 
face scans 
k days/weeks 
area monitoring 


in combination with a Rade R, provi 


tation, Thus its easy fort 


periodic measurement sampling and 


to geta daly protocol ofall loadings 


hicles, then 


spected load. Additional text informa 
ight,” ete. may be entered and stored or 


RadE: xtension 


Radye telepole 
Features 
@ Telepole for 2 ea. Rady units with High quality 
Bluetooth communication capability. : 
# 425067175 i z 
Min. eng 
Total weight with/with 
2.4 kg/2.1 kg 


RadEye extensions 


Features 


RadEye adapter with connector to the handle or extensions: ae Shee 
# 425067078 (without RedEye) High quality 
* Durable material 


© Short handle, length 0.35 m: # 425067075 (without Radéye) 


hup to 1.5m /5ft 


‘Aluminum extension, length 1.2 m: # 425087076 (without RadEye extension free adjustable 
RadEye) Handi ent gri 
Telescopic extension up to 4.0 m: # 425087077 (withaut rofessional and durable design 


RadEye) 


ee) 


RadEye extension # 425067177 
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RadEye BTcom Cover 
Fl eee 


Features 
* Suitable for communication to PCs with Bluetooth" interface 
its all RadEye versions (except RadEye AB100) 
* Low power consumption 


* Fast and easy installation 
ightweight, only 11 g (0.4 02.) 
* No external power supply needed 


RadEye BTcom cover 

The Thermo Scientific RadEye BTcom caver isthe latest accessory 
opment forthe successful RadEye product family 

Itis designed to provide Bluetooth® communication between the 

RadEye devices and a PC equipped with Bluetooth’ technology. 

Also, data from one RadEye instrument can be displayed on another 

RadEye as a second measurement device 


Typical applications: display of RadEye NI neutron data or RadEye . 
20 contamination data as second line in gamma RadEye display. 


The cover ft (except the RadEye AB 100) and is Dogr 


‘of protection | 1P54 (whan appliod to a RadEye) 


powered by the internal batteries of the RadEye instrument Waikipiaanunane’ | aeremameclaae AeA 


‘The plug and play installation is extremely easy and needs no ea ae 


special requirements or qualifications. Once installed the RadEye AFtransmission | protocol) im output power max. (Cass 2, 
‘Ezdam eceve sonst 
com cover has a coverage of about 15 m (49.2 ft) at line-of-sight il 
conditions and may be used worldwide without registration, ange 10m atlinea-sightcondton 
Baud ate TIS2 KB dates, no party, top Bi 
Szoand weight | 50%36x10mm (23x 14x04"; 11 g(0402) 


‘The RadEye BTcom cover comes in a transparent 


plastic box together with a short manual and a Operating voltage EAE EL Ske 


CD with the RadEye BTcom cover manual, 


‘Battary voltage: 30 V; 43mA (standby, 

55mA (connactod) 

195mA (cycle readout 1s), 
jut 10) 


Radye.exe update installation fle and some 
additional information about the RadEye product 


Power consumption 


4 A (eytic 


family. # 425087087 


In addition we also offera factory predefined 
set of two BTcom covers to ensure an immedi- 
ate and secure communication between two 
Radye devices. # 425088102 
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RadEye Test Adapters 


Features of Lutetium Test Adapters 


© A3.7E10 year half-life means: * All test adapters of the same type have virtually 


- no need for error-prone half-life corrections the same activity! 
= no need for reoccurring purchase of the * Beta-type adapters provide nearly identical 
(decayed) check sources surface emission rates 
* The adapters provide a highly reproducible and _* The design of special shape enclosures 
uniform activity content of 50 Ba/g (1.3 nCi/g) and high density Lug03 ceramics minimize the 


required activity for small size detectors 


Thermo Scientific Lutetium Test Adapters 
Lutetium Test Adapters are a real smart alternative to conventional 
check sources and offer a lat of unique advantages to our customers 
using radiation detectors. 

Conventional test sources for radiation monitors suffer from a number 
of inherent problems: Every source isan individual and unique item 
regarding activity and surface emission rate, Sources from different 
manufacturers may have different spectra from the emitted particles 
depending on the production process. Furthermore, large area test 


sources may have variations of the emission rate over the different 


sections of the surface and, in many cases, the user needs to correct Beta/gamma test adapters 
for the decay of the radioisotope, The thin active surface is always a High precision, low energy test adapters for perfor- 
delicate part ofthe source. mance verification of the RadEye B20 and other instru- 
Lutetium Test Adapters contain the isotope Lu-176 with 38 billion ments with pancake detector. 

Years half-life (= much longer than the age of the universe) and Lutetium Test Adapter with 9 9 Lu0g: # 425068571 
‘natural abundance of 26 %, which yields a specific activity of 50 mm diameter, 3 mm height (acrylic glass housing) 
‘approximately 50 Ba/g ofthe pure element Lutetium. The unique 40 mm diameter, 1mm height (Luy0g ceramics inlet) 
feature of using a chemically pure bulk substance containing the ‘Typical net count rate for RadEye B20: 6 cps 


radioisotope in its natural abundance results in a totally constant 


‘and homogeneous surface emission rate. Each and every source of 
the same surface area has the same beta emission rate, regardless 
‘of small variances in the thickness ofthe Lutetium-oxide ceramics. 


Furthermore, due to their natural origin and low specific activity f 

in respect to many national regulations these adapters are not X 

considered as radioactive material. These new test adapters can 

contribute ta a reduction of calibration cost and instrument downtime, 

‘as well as to an increased user confidence and familiarity with “his” For mora information plese est for a specil pepe 

(or “her” instrument. A eee ee cote inatn-2 
Discussion of Benefits versus Conventional Check 
Sources” 
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RadEye Test Adapters 


S 


Test adapters for large area beta contamination probes with an 
inherently homogeneous surface emission rate of 0.8 particles 
per em?es - perfect for training and calibration 

Lutetium Test Adapter with 80 g Lug0g: # 425068371 

Size: 120 mm x 200 mm x 5 mm total; 110 cm? (74 x 148 mm} 
Livy Og surface. 
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Lutetium Test Adapter for RadEye PRD variants 
and RadEye GN 


‘A specially shaped housing, matching the contours ofthe RadEye 
instrument, contains 36 g of natural Lu03 ceramic material. This 
test adapter is used to verify and fine-adjust the gamma perfor- 
mance of the RadEye PRD and GN: Quick, save, easy and precise 
Typical net count rate for RadEye PRD: 100 cps 

Indication of "low energy” NBR alarm, 

‘A carrying case is included, 

# 425067071 


Thoriated (2 %) Tungsten Test Adapter for RadEye GN 


AA specially shaped housing, matching the contours ofthe RadEye 
instrument, contains 10 g of thoriated (2 %) tungsten welding 
rods. This test adapter can be used to simulate neutron alarms 

in the training mode of the RadEye GN. Furthermore, the alarm 
behavior performance in respect to NORM can be checked: # 
425063015 


Accessories 


Partnumber | Description 


10/G20-ERTO 


ae 
Eats 
a 
Eas 


maveao eR 
v7 
GRISKPK 
NR 
700 

vee 
Beseres 


425067075 | Shorthandle 
2506707 ‘Aluminum extension, length 1.2m allabelelelle 
425067077 | 2soqment telescopic exten. up 14 


‘All evtension poles require 475067078 


Radye adapter with connect 
25067075, 


0 


‘4 sogment telescopic extension up ta 15m 
(incluing holder fr Rae) 


Alpha rejection tar “ 


Gamma fer, H*(10) compensation 


AISIGESE2 1 (doop dose equivalent) 


Gamma fer, 107 
(shaow dose equivalent) 


szsne7087 | RadEye BToom battery cover 
szso6s102 | Twofactor aired BTeam covers 


75069981 User software “Rade Ex efefeletefelefefelefe]- 


425069952 | Calitvation software “Cal Rade Ex efeledete |. . 


‘Data cable USE via daskop holder 


425067060 and AB100 direct eee Pet oe de ee bal 
[= SPREE 

eh 10 | reser nc aston ae 
polar rae efefelefefede[- elie 


abla nat includ) 


speo67i10 | Radyo NL Moderator . 3 


Rady older for second Ray 


MESO67O7S routed to moderator 2 
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Part number 


Description 


Aad Safety Kt for PRO/PRO-ER 
(Radyo not includes) 


= 


PRD/PRO-ER 


oN 


B20/820-ER 


20-10/620-ER0| 


NL 


GNISKPX 


NBR 
“aBi00 


HEC 


Exseries 


2250600 and | RadEye rea montor and oxoralalarmunt |. | | 7 
gant (RedEye nat included) 
aso6a0t001 | Sample changer for adEye B20 . 
zsnsantoo2 | 2s: sample holder for RedEye FRO x 
ial analysis of steel sare 
Fist Responder Laboratory Kit or Rady 
* Ba) and B20, including sample changer = 

Rca 42506901001, various dishes, gloves, spatula 

anit 
47167245107] MH right angle plug fr GX/SK/PX . 
gs067037 | Earphone for Raye series ele]e]e}edefel- 
ansne70x2 | Headset for Rade elefedetedefel 


Docking station ("ca adaptor” with charging 
culty (830 VO, cigarette ht pl), 


AIS057085 Vala olay and RS 232 irtertaca.20a.AAA | |" |} * | * |e)? 
NiMH rechargable batteries inciuded 
ACO conrtor for AC-supply of 

spsne7oes | station 425067065 100 240 VAC; wfelelefefefe]- 
00 mA US, UK. EU conn 
Inductive charger (115-1500 with coiled 

agsne70e | cable andigaratghwr plug: requies. fe |e |e |*|efelele 
Special battery compartment 425067034 

. Inductive charger Abie versin, equies |.) |) et ede lade 

2505708 spocalbattoy compartment id 425067038 

agsosraay | Battery compartment id with inductive el alleles PSs 


charging ccitry 


Part number 


425067064 


Description 


‘Goose nek mounting it fr attachment 
‘othe windshielt: ts ta docking station 
425057085 or dest holder 425067060 


25087059 


Flat mounting kt, ine. plates fr serow- and 
esi mounting; ts to docking station 
kop halder 425067060 


96067061 


‘Gooseneck scre-mounting kit fs to 
decking station 425057085 or desktop 
holder 425067060 


25087063 


uci jn sere mou 
ing station 42506) 


ldo 2 


26067062 


25067084 


Pot an srewsnoutig 
docking station 4250570 
bolder 425057060 


Safty lanyard and transparent plastic bg 
for Rade PRO, NL, G and G10 versions 


26067048 


Holster or Radyo PRD, NL, Gand 6-10 
versions. Sign to inser intrumant with 
‘uber shock protection 


25087710 


FadEye am holster with bron-inlet 
for dose rate maasuremant 


25060819 


Holster 


protection, 


smiagtaz2a8 


Holstor or up to 2 Rade 8-20 energy filter: 


smnagtaz246 


Aquapac - 100 % water 


(620-10/620-ERT0 


ML 


Fa 


ww 
aaueaoER 
eNSHPK 
Nan 
e100 

We 
Ecseries 


Rade 6-20 and 8-0 versions. 
Sad ta insert instrument with ubber shack 


RadEye - Technical characteristics of variants with internal detector 


Li-6 doped glas 


Nal(Ti) Nal) cinaileter om om 
Gx G10 
> 30 kell > 30 kel! > 30 keV 
2 | IGS | datooke 
> 60 keV > 60 keV) > 60keV > 48 keV > 48 keV 
tok tek 2okCk | oto | dott 
tot ok 
tek 
Ge ee 1: cpm, ops 
Sv/h Sv/h it 4 svi 
rem/h tem” | enh a rem/h 
A/a (Ry) 
20 uSvh | 100mSwh | 250 pSv/h 10R/h 100 msv/h 
25 mR/h 10 rem/h 25 mR/h 10rem/h 
25 mrem/h 25 mrem/h 
eto eae’ oko 2oC | tototok 
150 150 120 17 17 
toto | otctok | tote tok tek 


“Absolute pressure (1.5 bar gauge pressure at standard conditions) 


Dual 
om cm — | Pancake GM | Pancake GM | PancakeGM | Pancake GM } 25barHe3* | — phosphor 
scintillator 
Grex GF10Ex 
> 5 keV >5keV 
toto | tok 
>apiev | >4Bkev | >iiev | oirkey | 2IEY | >I Ke 
digo dicioick | occ | goedciae | iter] with ter 
tek | tok 
fold | decoek tetttok 
Viafiter | Via filter 
te a tek 
kik 
Jooook 
cps,cpm | ps, cpm 
Reh te eae = Bq, dom, dps | Bq, dpm, cps os ne 
Sv/htem/h | Sv/h, rem 
300 R/h awh 2msvn | t00msvih | 2mSvh | 100msv/n 
300 remy | 200 mem | 10remym | 200mremyh | 10 rem/h 
ice | eccee | ek | tack | tac | dette 
016 0.16 4 4 4 4 
se ** kkk tok ek tek 
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Europe, Africa, Middle East & Countries Not Listed 


Frauenauracher Strasse 96 +49 (0) 9131 998-226 

D 91056 Erlangen, Germany +49 (0) 9131 998-172 fax 
customerservice.eid.erlangen@thermofisher.com 

China 

7th Floor, Tower West, Yonghe Plaza +86 10 8419 3588 


No. 28 Andingem E. Street, Beijing, 100007 China +86 10 8419 3581 fax 
info.eid.china@thermofisher.com 


Singapore 
11 Biopolis Way, Helios, Units #12-07/08 +65 6478 9728 
Singapore 138667 +65 6478 9505 fax 


info.eid.singapore@thermofisher.com 


USA, Canada, Mexico, Central & South America 
27 Forge Parkway 

Franklin, MA 02038 USA 
info.eid@thermofisher.com 


india 

Plot No. C -327, T.T.C. Industrial Area, Pawne 
Navi Mumbai 400 705, India 
info.eid.india@thermofisher.com 


United Kingdom 

Bath Road, Beenham, 

Reading RG7 5PR United Kingdom 
customerservice.eid.beenham@thermofisher.com 


+1 (508) 553 1700 
+1 (800) 274 4212 
+1 (508) 520 2815 


+91-22-41578800 
+91-22-41578801 


US toll-free 
ax 


+44 (0) 118 971 5 
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+44 (0) 118 971 2835 fax 


©2012 Thermo Fisher Scientific Inc. All rights reserved. Windows is a registered trademark of Microsoft Corporation in United States and other countries. 
Bluetooth is a trademark of Bluetooth SIG, Inc., Bellevue, Washington, United States. All other trademarks are the property of Thermo Fisher Scientific Inc. and its 
subsidiaries. Results may vary under different operating conditions. Specifications, terms and pricing are subject to change. Not all products are available in all 
countries. Please consult your local sales representatives for details. 120809_DB_RadEye_Selection_Guide-e-V3.0 
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CBRN IPT 


MRCQP Radiation Detection and Monitoring Equipment Calibration Protocols 


Standard Radiological Monitoring Instrument Statutory Test 

Protocol 15 Doserate Meter Type NIS 295B 

Function Gamma / X-ray and Beta Dose Rate Monitor 
Publications AP 112G-1314-0 — Radiation Monitor type NIS 295B 
NSN 6665-99-111-6865 


Required Reference Standards 


Gamma Reference Standards : 87Cs & Am 

X-radiations - ISO Narrow Series 

All irradiations shall offer traceability to national standards. 

Check Source Nat) Amersham code UAC 1623 NSN 6665-99-193-3906 


Equipment Overview 

Description and Use 

The NIS 295B is a photon monitor 
designed to measure gamma and X- 
radiation. It can also be used for beta 
radiation detection. The instrument 
has a single logarithmic scale up to a 
full-scale deflection of 5000 Sv.h". 
Physical Construction: Unit 
construction; a steel case with 
detector protruding from the front. All 
controls, meter & handle are on top 
with battery access through a panel 
on the bottom. 

Detector Type: Zinc loaded plastic 
scintillator optically matched to a 
conventional 13-stage photomultiplier. 
Doserate Range: 0.5 ySv/h — 5000 
uSv/h ADE H*10. 

Energy Range: 45 keV — 2.5 MeV (Gamma & X-ray). 


Controls 
1. The NIS 295B has the following controls: 


a. Function Switch. The function switch has 5 positions: 


(i) OFF 

(ii) BATT Indicates condition of battery, within battery marker band. 

(iii) CHECK 7V Indicates 7V setting, within narrow band at top of scale. 

(iv) SET ZERO Indicate the electrical zero and can be adjusted using the SET 
ZERO control 

(v) OPERATE Selects operational mode. 


b. Response Adjustment. The SET ZERO control is used to adjust the electrical zero. 
c. Two variable resistors which are accessed by removal of the case: 


RV3 Set EHT control (set for 1 mSv.h") 
RV5 Set SCALE control (set for 50uSv.h") 


Note: RV3 and RV5 are dependent upon each other and should be used in conjunction with each 
other to optimise the reading. 
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CBRN IPT 


MRCQP Radiation Detection and Monitoring Equipment Calibration Protocols 


Standard Test Protocol 

2. All tests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination 

3. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery Test. 
Ensure batteries are in good order and provide the necessary voltage for operation. 
Replace as necessary. 


b. Check 7 V. Set the function switch to CHECK 7V and check that the reading is within the 7 V 
sector. 


c. Set Zero. Set the function switch to SET ZERO and adjust the SET ZERO control for a meter 
reading of zero. 


d. Mechanical checks. 
Check the mechanical integrity of instrument. 
Replace defective parts as necessary. 


Radiation Tests 


4. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service, the test regime must also be employed where 
repairs/modifications may have altered detector response. 


a. Background Dose Rate. 
Position the unit under test (UUT) in a low background environment (where measurement of 
background is undertaken in the exposure room, a collimator/detector spacing of at least 
1000mm should be maintained). 


Record the instrument background doserate on the calibration certificate. 


(i) Acceptance / Pass criteria — Instrument response should reflect + 10% of the known 
dose rate for the area. 


b. Response to High Dose Rates. 
Expose the UUT to a doserate >10 times scale maxima for at least thirty seconds. 


(ii) Acceptance / Pass criteria - The instrument should maintain an overload state 
throughout testing, where FSD is reported there should 
be no evidence of fallback. Where overload delivery NOT 
achievable by the facility, the instrument shall report a 
response conforming to within +30% of the delivered 
reference rate. 


Note: Test houses incapable of generating rates at or greater than scale maxima should undertake 
high doserate testing at a level >10 times the maximum credible doserate which could be 
encountered during operational use. Units tested in this manner shall carry a “Limited Cal* 
tally, supported by a statement on the calibration certificate defining the limits of the testing. 


c. Linearity of Response. (**’Cs) 
Expose the UUT to at least one doserate per decade of operation listed in the table below 
(example min/max ranges have been provided such that errors up to +30% will NOT pull the 
unit into a lower/higher decade. Where decades cannot be tested due to facility restrictions, 
the limit of the calibration should be covered by the statement defining the limit of calibration 
on the calibration certificate. 


Obtain a mean reported figure from the instrument for each delivered rate, mean figures 
should be background corrected and recorded on the calibration certificate. 
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MRCQP Radiation Detection and Monitoring Equipment Calibration Protocols 


Example Min/Max ™’Cs 


Decade of Operation % of Decade D 
oserates 
H*(10) H*(10) H*(10) 
1-10 ySv.h" <40% of Decade 1.5-3.5 uSv.h" 
1-10 uSv.h" >40% of Decade 6.6 — 7.6 uSv.h" 
10 - 100 uSv.h" <40% of Decade 14.3 — 27.5 uSv.h" 
10 - 100 uSv.h" >40% of Decade 66 — 76 uSv.h" 
100 - 1000 uSv.h" <40% of Decade 150 — 350 uSv.h' 
100 - 1000 uSv.h" >40% of Decade 660 — 760 uSv.h" 
1-5 mSv.h" <40% of Decade 1.5-—3.5 mSv.h" 
(i) Acceptance / Pass criteria - is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


d. Energy Response Test 
Expose the instrument to a 65 keV ISO narrow series x-ray or Am-241 doserate reflecting one 
of the doserates used during the ‘Linearity of Response’ testing. Record the observed 
reading and calculate a response ratio using the normalised '*’Cs value. 


(i) Acceptance / Pass criteria — The '*’Cs:’Tested energy’ response shall indicate a ratio 


of 1:0.67 (30%) when exposed to the same ADE rate 


137 Example ‘Tested Energy’ Permitted 


Example *“’Cs Response Range 
H*(10) H*(10) 
25 uSv.h" 11.7 — 21.8 uSv.h" 


e. Directional Dependency 
Expose the instrument in the -90° and +90° orientation (as shown below) to the same 
doserate/energy combination used during the ‘Energy Response Test’, record the observed 
reading and calculate a response ratio using the frontal response obtained during the ‘Energy 
Response Test’ 
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The figures in brackets are the 
expected responses normalised 
Left-hand side to that at 0” incidence (ie. the 


direction of incident normal direction of incident 
radiation radiation) and the tolerance level 


(1.01 41-30%) 


Normal direction of 
incident radiation 
(1.00) 


Right-hand side direction 


of incident radi: 
(0.934/-30%) 


Figure 1: Expected Directional Dependency 


(i) Acceptance / Pass criteria - instrument response should be + 30% type test data. 


f. Check Source Response. Place the Check Source centrally on the front of the Nal detector, 
ie. with the beta absorber removed, and the record the response. 


(i) Acceptance / Pass criteria - check source response should be 10.2uSw/hr + 20%. 


5, Category 2: Annual Test. 
Complete all Category 1 tests with the exception of the Directional Dependency Test 4.6. 


(i) Acceptance / Pass Criteria - reflects those noted for Category 1 tests. 


6. Category 3: Test Before Operational Use. 
Complete Category 1 test “Check Source Response” at paragraph 4if. 


(i) Acceptance / Pass criteria - check source response should be +20% of the response 
recorded 6n the extant calibration certificate 


Certification (Qualified Person authorisation required) 
7. Certificate all test results, failed instruments must be certified with a relevant failure certificate and 


te-tested after repair using Category 1 or Category 2 test protocols as dictated by the nature of 
the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 16 Doserate Meter PDR1, IDR1, PDR1Sv and PDR1/R&G 


Function Low Level Gamma Survey Monitor 


Publications A: NE Technology Instruction Manual Intrinsically Safe Dose Ratemeter IDR1 
B: NE Technology Instruction Manual Portable Dose Ratemeter PDR1 
C: NE Technology Instruction Manual Portable Dose Ratemeter PDR1/R&G 
D: NE Technology Instruction Manual Portable Dose Ratemeter PDR1Sv 


NSN 6665-99-726-3084 
Required Reference Standards 


Gamma Reference Standards = *87Cs & **'Am sources shall offer traceability to 
national standards. 


X-radiations - 65 keV ISO Narrow Series X-ray irradiations shall 
offer traceability to national standards. 


Check Source No check source is currently assigned to this unit. 
Equipment Overview 


Description and Use: The PDR‘ provides a 
general purpose gamma survey capability for 
determination of low rate emissions. 

Physical Construction: The housing is of 
moulded plastic construction, comprising a 
logarithmic analogue meter and ratemeter 
electronics. 

Detector Type: Energy compensated GM tube. 
Doserate Range: 0.05ySv.h" to 100uSv.h". 
Energy Range: 40 keV — 1.3 MeV. 


Controls 


1. A comprehensive summary of the instrument functions is contained within Publications Reference 
A, B, CorD. 


Standard Test Protocol 
2. All tests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination, 
3. The following tests must be undertaken prior to both Category 1 and 2 tests. 
a. Battery tests. 
Switch the rotary control to the ‘BATT CHECK’ position and ensure the battery level on the 
analogue meter falls within the black portion of the display. 
Replace as necessary. 
b, Mechanical checks. 
Examine the instrument for damage, ensuring the plastic case and handle assembly are free 


from cracks, the analogue meter and rotary control knob remain fit for use. 
Replace defective parts as necessary. 
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c. Energise the unit and ensure the meter remains stable and does not exhibit excessive 
fluctuation. 


Radiation Tests 


5. 


Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service, the test regime must also be employed where 
repairs/modifications may have altered detector response. 


a. Background Dose Rate. 
Position the unit under test (UUT) in a low background environment (where measurement of 
background is undertaken in the exposure room, a collimator/detector spacing of at least 
1000mm should be maintained). 


Record the instrument background doserate on the calibration certificate. 


(i) Acceptance / Pass criteria - Instrument response should reflect + 10% of the 
known dose rate for the area. 


b. Response to High Dose Rates. 
Expose the UUT to a doserate >10 times scale maxima for at least thirty seconds. 


Note: Test houses incapable of generating rates at or greater than scale maxima should 
undertake high doserate testing at a level >10 times the maximum credible doserate which 
could be encountered during operational use. Units tested in this manner shall carry a 
“Limited Cal” tally, supported by a statement on the calibration certificate defining the limits of 
the testing. 


(i) Acceptance / Pass criteria — The instrument should maintain an overload state 
throughout testing, where FSD is reported there 
should be no evidence of fallback. Where overload 
delivery NOT achievable by the facility, the instrument 
shall report a response conforming to within +30% of 
the delivered reference rate. 


c. Linearity of Response. (**’Cs) 


Expose the UUT to at least two doserates per decade of operation, representing values 
greater/less than 40% of the decade under test. Test guidance has been provided in the table 
below (example Min — Max ranges have been provided such that errors up to 30% will NOT 
pull the unit into a lower/higher decade). 


Obtain a mean reported figure from the instrument for each delivered rate, mean figures 
should be background corrected and recorded on the calibration certificate. 


Decade of Operation % of Decade eae re "Cs 
H*(10) H*(10) H*(10) 
1-10 wSv.h" <40% of Decade 1.5-—3.5 uSv.h' 
1-10 uSv.h™ >40% of Decade 6.6 — 7.6 uSv.h" 
10 — 100 uSv.h"' <40% of Decade 15 —30 ySv.h" 
10 - 100 uSv.h" >40% of Decade 58 — 76 uSv.h 
(i) Acceptance / Pass criteria — Instrument responses shall reflect conformity to 


within to +30%of delivered reference rates. 
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d. Energy Response Test (60 keV *“‘Am) 
Expose the instrument to a doserate reflecting one of the doserates used during the ‘Linearity 
of Response’ testing. Record the observed reading and calculate a response ratio using the 
normalised '*’Cs value. 


(i) Acceptance / Pass criteria -— The '°’Cs:*47Am response shall indicate a 
ratio of 1:0.86 (430%) when exposed to the same 
ADE rate, an example is provided below. 


Example ‘*’Cs Response for PDR1 Example “Am Permitted Range 
H*(40) H*(40) 
25 uSv.h" 15.05 — 27.95 uSv.h" 


e. Directional Dependency 
Expose the instrument in the -90° and +90° orientation (as shown below) to the same 
doserate/energy combination used during the ‘Energy Response Test’, record the observed 
reading and calculate a response ratio using the frontal response obtained during the ‘Energy 
Response Test’. 


Figure 3. Expected Directional Dependency 


Right-hand side direction 


Normal direction of of incident radiation 
incident radiation (0.47 +/-30%) 
(1.00) 


The figures in brackets are the 
expected responses normalised to 
that at 0° incidence (i.e. the 
normal direction of incident 
radiation) and the tolerance level 


Left-hand side direction 
of incident radiation 
(0.74+/-30%) 


(i) Acceptance / Pass criteria — The responses shall reflect the responses detailed in 
Figure 1. 


f. Check Source Response. 


No check source is currently assigned to this unit. 


6. Category 2: Annual Test. 
Complete all Category 1 tests except Directional Dependency Test 4.e. 


(i) Acceptance / Pass criteria — Criteria reflects those noted for Category 1 tests. 


7. Category 3: Test before Operational Use. 
Complete Category 1 test “Check Source Response” at paragraph 4.f. 


(i) Acceptance / Pass criteria —Response should be +20% of the response recorded 
on the extant calibration certificate. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 24 Doserate Meter Type FAG FH40F2M 


Function Digital Gamma Survey Monitor 


Publications A: AP112G-1326-0 Radiation Monitor Type FH40 
B: ESM Instruction Manual FH40F2M RADIACMETER 


NSN 6665-12-326-4538 
Required Reference Standards 


Gamma Reference Standards = 87Cs & Am sources shall offer traceability to 
national standards. 


X-radiations - 65 keV ISO Narrow Series X-ray irradiations shall 
offer traceability to national standards. 


Check Source Na |Sotrak code UAC 1623 (NSN 6665-99-193-3906) 


Equipment Overview 


Description and Use: The FH40F2M provides a dose/rate 
monitoring capability and offers connectivity and ratemeter 
support to an external probe. 

Physical Construction: The unit is of two piece plastic 
construction, the upper section houses the membrane keypad, 
LCD display and sounder assembly. The lower portion 
accommodates the battery and associated printed circuit boards. 
Detector Type: 1 off GM Tube (energy compensated). 

Doserate Range: 0.01uSv/h to 9.99mSv/h 

Energy Range: 45keV — 1.3MeV 


Controls 


1. Acomprehensive summary of instrument functionality is contained within ‘Publications’ Reference 
A&B. 


Standard Test Protocol 

2. All tests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination. 

3. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery tests. 
Ensure the battery compartment is in good order and batteries provide the necessary voltage 
for operation. 
Replace as necessary. 


b. Mechanical checks. 
Ensure the instrument chassis (including machine screws), input socket, membrane keypad 
and LCD Display are free from damage. 
Replace defective parts as necessary. 


c. Ancillary Equipment. 
Ensure the instrument carry case / strap are free from damage. 
Replace as necessary. 


d. Energise the unit and check operation of all controls (when switched on, the ratemeter self 
test routine will activate). 
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Radiation Tests 


4. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service, the test regime must also be employed where 
repairs/modifications may have altered detector response. 


a. Background Dose Rate. 
Position the unit under test (UUT) in a low background environment (where measurement of 
background is undertaken in the exposure room, a collimator/detector spacing of at least 
1000mm should be maintained). 


Record the instrument background doserate on the calibration certificate. 


(i) Acceptance / Pass criteria - Instrument response should reflect + 10% of the known 
dose rate for the area. 


b. Response to High Dose Rates. 
Expose the UUT to a doserate >10 times scale maxima for at least thirty seconds. 


Note: Test houses incapable of generating rates at or greater than scale maxima should 
undertake high doserate testing at a level >10 times the maximum credible doserate which 
could be encountered during operational use. Units tested in this manner shall carry a 
“Limited Cal” tally, supported by a statement on the calibration certificate defining the limits of 
the testing. 


(i) Acceptance / Pass criteria — The instrument should maintain an overload state 
throughout testing, where FSD is reported there 
should be no evidence of fallback. Where overload 
delivery is NOT achievable by the facility, the 
instrument shall report a response conforming to 
within +30% of the delivered reference rate. 


c. Linearity of Response. (**’Cs) 
Expose the UUT to at least one doserate per decade of operation listed in the table below 
(example min/max ranges have been provided such that errors up to +30% will NOT pull the 
unit into a lower/higher decade. Where decades cannot be tested due to facility restrictions, 
the limit of the calibration should be covered by the statement defining the limit of calibration 
on the calibration certificate. 


Obtain a mean reported figure from the instrument for each delivered rate, mean figures 
should be background corrected and recorded on the calibration certificate. 


Decade of Operation Example Min/Max ‘*’Cs Doserates 
H*(10) H*(10) 
1-10 uSv.h" 1.5-7.5 uSv.h" 
10 - 100 uSv.h" 15 —75 uSv.h" 
100 — 1000 uSv.h" 150 — 750 uSv.h" 
1—10 mSv.h" 1.5—7.5 mSv.h"' 
(i) Acceptance / Pass criteria — Instrument responses shall reflect conformity to within 


+30% of delivered reference rates. 


d. Dose Test (*’Cs). 
Reset the accumulated dose following instructions documented in publications A & B, expose 
the instrument to a doserate/time combination enabling dose accumulation to the target levels 
below. On completion of the tests, record the results on the calibration certificate. 


"7Cs Dose Target 7Cs Permitted Range 


H*(10) H*(10) 
1 mSv 700 uSv — 1.3 mSv 
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) Acceptance / Pass criteria — Instrument response shall reflect conformity to within 
+30% of the target dose value. 


e. Energy Response Test (60 keV “Am or 65 keV ISO Narrow Series X-ray) 
Expose the instrument to a doserate reflecting one of the doserates used during the ‘Linearity 
of Response’ testing. Record the observed reading and calculate a response ratio using the 
normalised '*’Cs value. 
(i) Acceptance / Pass criteria — The '°’Cs:*4"Am/X-ray response shall indicate a ratio of 
1:1.07 (+30%) when exposed to the same ADE rate, an 
example is provided below. 


Example ‘*’Cs Response Example “‘Am/X-ray Permitted Range 
H*(10) H*(10) 
25 uSv.h" 18.73 — 34.78 uSv.h" 


f. Directional Dependency 
Expose the instrument in the -90° and +90° orientation (as shown below) to the same 
doserate/energy combination used during the ‘Energy Response Test’, record the observed 
reading and calculate a response ratio using the frontal response obtained during the ‘Energy 
Response Test’. 


Normal direction of 
incident radiation 


(1.00) 
Left-hand side Right-hand side 
direction of incident direction of incident 
radiation radiation 


(0.58 £30%) (0.53 £30%) 


The figures in brackets are the 
expected responses normalised to 
that at 0° incidence (i.e. the normal 
direction of incident radiation) and 
the tolerance level 


Figure 6. Expected Directional Dependency 


i) Acceptance / Pass criteria — The responses shall reflect the responses detailed in 
Figure 1. 


= 


g. Check Source Response. 
Unscrew the UAC 1623 check source from its protective enclosure, place the source such 
that the black circular portion is centrally positioned and in direct contact with the front of the 
instrument (the inverted triangle provides a reference point for this measurement). Allow 
approximately 30 seconds for the instrument to stabilize and record the reading. 


(i) Acceptance / Pass criteria - The check source response should be 2.48 uSv/h + 
30%. 
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5. Category 2: Annual Test. 
Complete all Category 1 tests except Directional Dependency Test 4.f, 


(i) Acceptance / Pass criteria — Criteria reflects those noted for Category 1 tests. 


6. Category 3: Test before Operational Use. 
Complete Category 1 test “Check Source Response” at paragraph 4.g. 


(i) Acceptance / Pass criteria — Response should be +20% of the response recorded on 
the extant calibration certificate. 


Certification (Qualified Person authorisation required) 
7. Certificate all test results, failed instruments must be certified with a relevant failure certificate and 


re-tested after repair using Category 1 or Category 2 test protocols as dictated by the nature of 
the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 31 


Function 


Publications 


NSN 


Mini Monitor Series 900 + 42b Probe 


Photon Surface Contamination Monitor 

A: AP112G-1325-0 Mini Monitor 900 Series 

B: _ Instrument Operating handbook Series 900 Scintillation Mini Monitor with 
types 41, 42A/B & 44A/B probes. 


6665-99-570-5736 


Required Reference Standards 


Extended area - 


Fe 
2386p y 
128) 
241 Am 
Co 
og 


C5 


All sources shall be suitably filtered to remove alpha/beta emissions and must be 
emission rate calibrated, offering traceability to national standards. 


Photon Reference Source Isotrak code IERB 4536; 
Photon Reference Source |sotrak code PPRB 4472; 
Photon Reference Source Isotrak code ISRB 4474; 
Photon Reference Source Isotrak code AMRB 4473; 
Photon Reference Source Isotrak code CTRB 3504; 
Photon Reference Source Isotrak code CDRB 4475; 


Photon Reference Source |sotrak code CKRB 4476. 


Small area (16mm Active Diameter) - All sources shall offer traceability to national standards and 


SY 


Check Source 


must be emission rate calibrated. 
lsotrak code SIR 01011, SIR 01021 and SIR 01031. 


“ll [sotrak code UAC 1623 NSN 6665-99-193-3906. 


Equipment Overview 


Description and Use: The Mini Monitor 900/'42b’ 
probe combination provides a general purpose Photon 
contamination / leakage monitoring capability. 
Physical Construction: Ratemeter — The ratemeter 
is of two piece construction, the rear section, formed 
from sheet aluminium houses the battery cradle, 
charging circuitry and sounder. The steel front panel 
accommodates the user controls and analogue meter. 
Probe — The probe comprises a spun Aluminium body 
housing the detector, photo multiplier tube, dynode 
resistors and a Pet-100 series HV connector mounted 
at the upper end. 

Detector Type: Beryllium windowed Nal crystal. 
Photon Energy Range: 5.9 keV (Fe-55) to 1.25 
MeV (Co-60) significant reduction at >200 keV. 
Detector Active Area: 4.1 cm’. 


Controls 


Mini Monitor 900 + 42B probe 


1. A comprehensive summary of instrument functionality is contained within ‘Publications’ reference 


A&B. 
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Standard Test Protocol 

2. All tests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination. 

3. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery tests. 
Ensure the battery compartment is in good order and batteries provide the necessary voltage 
for operation. 
Replace as necessary. 


b. Mechanical checks. 
Ensure the instrument chassis (including machine screws), analogue meter, rotary control 
knob, cable, probe case, detector window and probe connectors are free from damage. 
Replace defective parts as necessary. 


c. Energise the unit and check operation of all controls 
Radiation Tests 


4. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
prior to initial introduction to service, the test regime must also be employed where major 
repairs/modifications may have altered detector response. 


a. Determination of Operating Voltage. 
The operating voltage of the equipment is preset and cannot he quantitatively altered without 
disassembling the instrument. Therefore no operating voltage plateau can be measured for 
this instrument. 


Note: The operating voltage should only be altered if the unit response to *°Fe is low, this 
operation requires the front panel to be removed and internal potentiometers adjusted, set up 
details are provided in within ‘Publications’ reference A & B. 


b. Background Count Rate. 
Remove the probe from the sources and record the instrument background doserate on the 
calibration certificate. 


(i) Acceptance / Pass criteria - The background level should be less than 8 cps in a field 
of < 0.25 uSv.h", H*(10) from "*’Cs 662 keV. 


c. Light Sensitivity. (With Light Source Only) 
The probe should be exposed to an appropriate light source, any significant change in 
background should be observed. 


(i) Acceptance / Pass criteria - The background level should remain unaffected by the 
presence of the light source. 


d. Light Sensitivity. (With Radioactive Source) 
Due to the small area of the probe it is likely that positioning a radioactive source beneath the 
detector during the test will obscure light entering the probe therefore this test is NOT 
applicable to the unit. 


e. Response To Photon Contamination. 
The responses detailed below are for the specified extended area reference standards, with a 
source to detector face separation of 3mm. For each source record at least three 
observations of response to obtain a mean figure, mean figures should be background 
corrected and recorded on the calibration certificate. Details of the derivation of contamination 
responses (cps per em''.cm’) and equivalent 2 x efficiency (%) are given in part 2 of JSP 
425. 
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Nuclide spe 2n eae 
Mean Response Permitted Range Mean Efficiency Permitted Range 
Fe 0.44 0.31 — 0.57 10.66 7.46 — 13.86 
38 By 1.75 1.23 — 2.28 42.60 29.82 — 55.38 
| 1.34 0.94 — 1.74 32.75 22.92 — 42.57 
Am 1.70 MmoeSzi 41.47 29.03 — 53.91 
C6 0.80 0.56 — 1.04 19.62 13.74 — 25.51 
mies 0.22 0.15 — 0.29 5.30 3.71 —6.89 
ia Ors) 0.20 0.14 — 0.26 4.98 3.48 —6.47 
(i) Acceptance / Pass criteria — The instrument response should be within +30% of the 


mean efficiencies reported above. 


f. Linearity of Response. 
Place each of the small area sources listed in ‘Required Reference Standards’ centrally in 
turn 3mm below the detector. Record the net response (cps) for each source and calculate 
the ratio of indicated response to source emission rate. 


(i) Acceptance / Pass criteria — Each individual ratio should agree with the mean of all 
three ratios to within + 30%. 


g. Uniformity of Response. 
Due to the small window area a uniformity test is NOT required on this unit. 


h. Check Source Response. 
With the source in its screw container, place the thick end of the container centrally in contact 
with the end of the probe. Allow 30 seconds for the reading to stabilize and record the 
response on the instrument calibration certificate. 


5. Category 2: Annual Test. Complete all Category 1 tests noting the asterisk marked sources in 


the ‘Response to Alpha Contamination’ tests. 


(i) Acceptance / Pass criteria — Criteria reflects those noted for Category 1 tests. 


6. Category 3: Test Before Operational Use. Complete Category 1 test "Check Source Response" 


at paragraph 4.h. 
(i) Acceptance / Pass criteria — Response should be +20% of the response recorded on 
the extant calibration certificate. 
Certification (Qualified Person authorisation required) 
7. Certificate all test results, failed instruments must be Certified with a relevant failure certificate and 


re-tested after repair using Category 1 or Category 2 test protocols as dictated by the nature of 
the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 32 


Function 


Publications 


NSN 


Mini Monitor Series 900 + 44b Probe 


Photon Surface Contamination Monitor 

A: AP112G-1325-0 Mini Monitor 900 Series 

B: | Instrument Operating handbook Series 900 Scintillation Mini Monitor with 
types 41, 42A/B & 44A/B probes. 


6665-99-801-3983 


Required Reference Standards 


Extended area - 


Fe 
238 py 
128) 
241 Am 
57Co 
B7Cg 


C5 


All sources shall be suitably filtered to remove alpha/beta emissions and must be 
emission rate calibrated, offering traceability to national standards. 


Photon Reference Source Isotrak code IERB 4536; 
Photon Reference Source Isotrak code PPRB 4472; 
Photon Reference Source Isotrak code ISRB 4474; 
Photon Reference Source Isotrak code AMRB 4473; 
Photon Reference Source Isotrak code CTRB 3504; 
Photon Reference Source Isotrak code CDRB 4475; 


Photon Reference Source |sotrak code CKRB 4476. 


Small area (16mm Active Diameter) - All sources shall offer traceability to national standards and 


SY 


Check Source 


must be emission rate calibrated. 
lsotrak code SIR 01011, SIR 01021 and SIR 01031. 


NU Isottak code UAC 1623 NSN 6665-99-193-3906. 


Equipment Overview 


Description and Use: The Mini Monitor 900/'44b’ 
probe combination provides a general purpose Photon 
contamination / leakage monitoring capability. 
Physical Construction: Ratemeter — The ratemeter 
is of two piece construction, the rear section, formed 
from sheet aluminium houses the battery cradle, 
charging circuitry and sounder. The steel front panel 
accommodates the user controls and analogue meter. 
Probe — The probe comprises a spun Aluminium body 
housing the detector, photo multiplier tube, dynode 
resistors and a Pet-100 series HV connector mounted 
at the upper end. 


Mini Monitor 900 + 44b Probe 


Detector Type: Beryllium windowed Nal crystal. 
Photon Energy Range: 5.9 keV (Fe-55) to 1.25 MeV (Co-60) significant reduction at >200 keV. 
Detector Active Area: 8.0 cm’. 


Controls 


1. A comprehensive summary of instrument functionality is contained within ‘Publications’ reference 


A&B. 
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Standard Test Protocol 

2. All tests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination. 

3. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery tests. 
Ensure the battery compartment is in good order and batteries provide the necessary voltage 
for operation. 
Replace defective parts as necessary. 


b. Mechanical checks. 
Ensure the instrument chassis (including machine screws), analogue meter, rotary control 
knob, cable, probe case, detector window and probe connectors are free from damage. 
Replace defective parts as necessary. 


c. Energise the unit and check operation of all controls 
Radiation Tests 


4. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
prior to initial introduction to service, the test regime must also be employed where major 
repairs/modifications may have altered detector response. 


a. Determination of Operating Voltage. 
The operating voltage of the equipment is preset and cannot he quantitatively altered without 
disassembling the instrument. Therefore no operating voltage plateau can be measured for 
this instrument. 


Note: The operating voltage should only be altered if the unit response to *°Fe is low, this 
operation requires the front panel to be removed and internal potentiometers adjusted, set up 
details are provided in within ‘Publications’ reference A & B. 


b. Background Count Rate. 
Remove the probe from the sources and record the instrument background doserate on the 
calibration certificate. 


(i) Acceptance / Pass criteria - The background level should be less than 15 cps in a 
field of < 0.25 uSv.h", H*(10) from '*’Cs 662 keV. 


c. Light Sensitivity. (With Light Source Only) 
The probe should be exposed to an appropriate light source, any significant change in 
background should be observed. 


d. Light Sensitivity. (With Radioactive Source) 
Due to the small area of the probe it is likely that positioning a radioactive source beneath the 
detector during the test will obscure light entering the probe therefore this test is NOT 
applicable to the unit. 


(i) Acceptance / Pass criteria - The background level should remain unaffected by the 
presence of the light source. 


e. Response To Photon Contamination. 
The responses detailed below are for the specified extended area reference standards, with a 
source to detector face separation of 3mm. For each source record at least three 
observations of response to obtain a mean figure, mean figures should be background 
corrected and recorded on the calibration certificate. Details of the derivation of contamination 
responses (cps per em '.cm’) and equivalent 2 x efficiency (%) are given in part 2 of JSP 425. 
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Nuclide ser ra 2n eiicleney 
Mean Response Permitted Range Mean Efficiency Permitted Range 
Fe 2.31 1.62 — 3.00 28.91 20.24 — 37.59 
38 By 7.09 4.96 — 9.22 88.57 62.0 — 115.14 
1 7.14 5.00 — 9.28 89.20 62.44 — 115.96 
Am 8.58 6.01 — 11.15 107.28 75.09 — 139.46 
C6 6.46 4.52 — 8.40 80.71 56.5 — 104.92 
wiCs 1.57 1.01 — 2.04 19.68 13.78 — 25.59 
=CO ion 0.75 — 1.39 13.35 9.35 — 17.36 
(i) Acceptance / Pass criteria — The instrument response should be within +30% of the 


mean efficiencies reported above. 


f. Linearity of Response. 
Place each of the small area sources listed in ‘Required Reference Standards’ centrally in 
turn 3mm below the detector. Record the net response (cps) for each source and calculate 
the ratio of indicated response to source emission rate. 


(i) Acceptance / Pass criteria — Each individual ratio should agree with the mean of all 
three ratios to within + 30%. 


g. Uniformity of Response. 
Due to the small window area a uniformity test is NOT required on this unit. 


h. Check Source Response. 
With the source in its screw container, place the thick end of the container centrally in contact 
with the end of the probe. Allow 30 seconds for the reading to stabilize and record the 
response on the instrument calibration certificate. 
5. Category 2: Annual Test. Complete all Category 1 tests. 


(i) Acceptance / Pass criteria — Criteria reflects those noted for Category 1 tests. 


6. Category 3: Test Before Operational Use. Complete Category 1 test "Check Source Response" 
at paragraph 4.h. 


(i) Acceptance / Pass criteria — Response should be +20% of the response recorded on 
the extant calibration certificate. 


Certification (Qualified Person authorisation required) 
7. Certificate all test results, failed instruments must be certified with a relevant failure certificate and 


re-tested after repair using Category 1 or Category 2 test protocols as dictated by the nature of 
the repair. 


Intentionally Blank 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 33 Mini Monitor Series 900 + ‘E’ Probe 


Function Alpha/Beta Surface Contamination Monitor 

Publications A: Mini Monitor Series 900, Models E, EL, S, SL & X operators Manual 
NSN NIA 

Required Reference Standards 

All must be emission rate calibrated: - 


Extended area 
244m Type WRS 7/E Amersham code AMR 07032 or Type WRS 6/E AMR 06032; 


2385 Type WRS 7/E Amersham code PPR 07032 or Type WRS 6/E PPR 06032; 
“Uy Type WRS 7/E Amersham code UAR 07032 or Type WRS 6/E UAR 06032; 
“C Type WRS 7/E Amersham code CFR 07032 or Type WRS 6/E CFR 06032; 
8Cl_ Type WRS 7/E Amersham code CIR 07032 or Type WRS 6/E CIR 06032; 
'47Bm Type WRS 7/E Amersham code PHR 07032 or Type WRS 6/E PHR 06032; 
°Sr/Y Type WRS 7/E Amersham code SIR 07032 or Type WRS 6/E SIR 06032; 
®Co Type WRS 7/E Amersham code CKR 07032 or Type WRS 6/E CKR 06032; 
*7Cs Type WRS 7/E Amersham code CDR 07032 or Type WRS 6/E CDR 06032. 
Small area (16mm Active Diameter) 
°Sr/Y Type WRS 1/E Amersham code SIR 01011, SIR 01021 and SIR 01031. 
2am Type WRS 1/E Amersham code AMR 01011, AMR 01021 and AMR 01031, 
Description 


1. The Mini Monitor Series 900 is a common rate 
meter, when used with the ‘E’ probe is scaled 
from 0-2 kCPS. The unit has a control knob on 
the front panel allowing the following operations, 
OFF, BAT, ON and ON WITH MUTED AUDIO. 
The battery check is displayed on the green and 
white band of the meter. The unit has an alarm 
function which is set using the SET ALARM 
potentiometer on the front of the unit (a source is 
required for this procedure). The ‘E’ is an 
Alpha/Beta probe comprising of a thin end 
window GM tube with a stainless steel grille for 
protection from damage. 


Probe Active Area: 2 cm2 Mini Monitor Series 900 + ‘E’ Probe 


Controls 


2. A comprehensive summary of the ratemeter functions is contained within the Publication, 
Reference A. 
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Standard Test Protocol 


3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of probe and ratemeter is required appropriate subsidiary tests should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 


Pre-radiation Tests, Electrical and Physical Examination. 
4. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery test. Check meter battery indication and condition of battery compartment and 
terminations. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of ratemeter case, cables, and cable 
connections, probe case and window. Replace as necessary. 


c. Check operation of all controls 
Radiation Tests 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources listed in Required Reference Standards, with and without the presence of the light 
source. 


(i) | Acceptance / pass criteria is that the background count should not be elevated and the 
response to the source should not be affected by the presence of the light. 


b. Response To Alpha/Beta Contamination. The responses detailed below are for the 
specified reference standards, with a source to detector grille separation of 3 mm. Details of 
the derivation of contamination responses (cps per Bq.cm’) and equivalent 2 x efficiency (%) 
are given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details 
are given below for type test responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


Nuclide ad 2n ee 
Mean Response Permitted Range Mean Efficiency Permitted Range 
Am 0.99 0.69 - 1.29 31.33 21.93 — 40.73 
38By 0.87 0.61 — 1.13 27.77 19.44 — 36.10 
mau 8 1.67 AAT S27 53.80 37.66 — 69.94 
is 0.37 0.26 — 0.48 11.75 8.22 — 15.27 
8C) 1.33 0.93 — 1.73 42.58 29.81 — 55.35 
“7Bm 0.93 0.65 — 1.20 23.88 16.71 — 31.04 
StlY 1.32 0.92 — 1.71 42 29.40 — 54.59 
ss Ge 1.12 0.79 - 1.46 35.59 24.91 — 46.26 
ECs 1.28 0.90 — 1.67 40.82 28.57 - 53.06 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


expected levels shown above. 
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c. Check Source Response. (no check source has been assigned to this unit). 

d. Linearity of Response. Place the small area sources listed in Required Reference 
Standards centrally in turn 3mm below the detector. Record the net response (cps) for each 
planar disc source. 

(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 
rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 


e. Uniformity of Response. A uniformity check is not required on this probe due to its small 
active area. 


f. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is a background level of approx. < 2 cps in a field 
of < 0.15 uSv.h", H*(10) from '°’Cs 662 keV. 


6. Category 2: Annual Test. Complete all Category 1 tests. 
(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 5.c. 


(i) Acceptance / Pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 34 Mini Monitor Series 900 + ‘EL’ Probe 


Function Alpha/Beta Surface Contamination Monitor 

Publications A: Mini Monitor Series 900, Models E, EL, S, SL & X operators Manual 
NSN NIA 

Required Reference Standards 

All must be emission rate calibrated: - 


Extended area 
244m Type WRS 7/E Amersham code AMR 07032 or Type WRS 6/E AMR 06032; 


2385u Type WRS 7/E Amersham code PPR 07032 or Type WRS 6/E PPR 06032; 
“Type WRS 7/E Amersham code UAR 07032 or Type WRS 6/E UAR 06032; 
“C Type WRS 7/E Amersham code CFR 07032 or Type WRS 6/E CFR 06032; 
8Cl_ Type WRS 7/E Amersham code CIR 07032 or Type WRS 6/E CIR 06032; 
'47Bm Type WRS 7/E Amersham code PHR 07032 or Type WRS 6/E PHR 06032; 
°Sr/Y Type WRS 7/E Amersham code SIR 07032 or Type WRS 6/E SIR 06032; 
®Co Type WRS 7/E Amersham code CKR 07032 or Type WRS 6/E CKR 06032; 
*87Cs Type WRS 7/E Amersham code CDR 07032 or Type WRS 6/E CDR 06032. 
Small area (16mm Active Diameter) 
24m Type WRS 1/E Amersham code AMR 01011, AMR 01021 and AMR 01031. 
Description 


1. The Mini Monitor Series 900 is a common rate 
meter, when used with the EL probe is scaled from 
0-600 cps. The unit has a control knob on the 
front panel allowing the following operations, OFF, 
BAT, ON and ON WITH MUTED AUDIO. The 
battery check is displayed on the green and white 
band of the meter. The unit has an alarm function 
which is set using the SET ALARM potentiometer 
on the front of the unit (a source is required for this 
procedure). The ‘EL’ is an Alpha/Beta probe 
comprising of a thin end window organically 
quenched GM tube with a stainless steel grille for 
protection from damage. 


Probe Active Area: X cm? Mini Monitor Series 900 + ‘EL’ Probe 


Controls 


2. A comprehensive summary of the ratemeter functions is contained within Publication, Reference 
A. 
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Standard Test Protocol 


3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of probe and ratemeter is required appropriate subsidiary tests should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 


Pre-radiation Tests, Electrical and Physical Examination. 
4. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery test. Check meter battery indication and condition of battery compartment and 
terminations. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of ratemeter case, cables, and cable 
connections, probe case and window. Replace as necessary. 


c. Check operation of all controls 
Radiation Tests 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources listed in Required Reference Standards, with and without the presence of the light 
source. 


(i) | Acceptance / pass criteria is that the background count should not be elevated and the 
response to the source should not be affected by the presence of the light. 


b. Response To Alpha/Beta Contamination. The responses detailed below are for the 
specified reference standards, with a source to detector grille separation of 3 mm. Details of 
the derivation of contamination responses (cps per Bq.cm’) and equivalent 2 x efficiency (%) 
are given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details 
are given below for type test responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


Nuclide Sa a 2x eee 
Mean Response Permitted Range Mean Efficiency Permitted Range 
Am 3.13 2.19 — 4.06 32.07 22.45 — 41.69 
38By 2.94 2.06 — 3.82 30.32 21.22 — 39.41 
ea 4.76 3.33 -6.19 49.14 34.39 — 63.88 
ss 1.09 0.76 — 1.41 11.23 7.86 — 14.60 
8C| 3.70 2.59 — 4.81 39.01 27.30 — 50.71 
int 1.89 1.32 — 2.45 19.27 13.49 — 25.06 
StIY 3.85 2.69 — 5.00 40.51 28.35 — 52.66 
hs Ge 2.94 2.06 - 3.82 30.86 21.60 — 40.12 
mCs* 3.57 2.50 — 4.64 37.10 25.97 — 48.23 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


expected levels shown above. 
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c. Check Source Response. (no check source has been assigned to this unit). 

d. Linearity of Response. Place the small area sources listed in Required Reference 
Standards centrally in turn 3mm below the detector. Record the net response (cps) for each 
planar disc source. 

(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 
rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 


e. Uniformity of Response. A uniformity check is not required on this probe due to its small 
active area. 


f. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is a background level of approx. <2cps in a field of 
< 0.15 uSv.h"', H*(10) from '°’Cs 662 keV. 


6. Category 2: Annual Test. Complete all Category 1 tests. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 5.c. 


(i) Acceptance / Pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 


Protocol 34 - 3 ISSUE 4.3 January 09 


CBRN IPT 


MRCQP Radiation Detection and Monitoring Equipment Calibration Protocols 


Standard Radiological Monitoring Instrument Statutory Test 
Protocol 35 Mini Monitor Series 900 + ‘X’ Probe (Contamination Response) 


Function Alpha/Beta Surface Contamination Monitor 

Publications A: Mini Monitor Series 900, Models E, EL, S, SL & X operators Manual 
NSN NIA 

Required Reference Standards 

All must be emission rate calibrated:- 


Extended area 
®5Ee Photon Reference Source Amersham code IERB 4536; 


?58u Photon Reference Source Amersham code PPRB 4472; 

91 Photon Reference Source Amersham code ISRB 4474; 

?4am Photon Reference Source Amersham code AMRB4473; 

57Co Photon Reference Source Amersham code CTRB3504; 

187Cs Photon Reference Source Amersham code CDRB4475; 

®°Co Photon Reference Source Amersham code CKRB4476; 
Small area (16mm Active Diameter) 


°°Sr/Y Type WRS 1/E Amersham code SIR 01011, SIR 01021 and SIR 01031 
Description 


1. The Mini Monitor Series 900 is a common rate 
meter, when used with the X-ray probe gives the 
ability to search for X-ray leakage and high energy 
Beta emitters. The unit is scaled 0.5 - 2000 CPS 
and has a control knob on the front panel allowing 
the following operations, OFF, BAT, ON and ON 
WITH MUTED AUDIO. The ‘X’ is an X-Ray/Beta 
probe comprising of a thin end window GM tube 
with a diameter of 17mm. The probe response is 
approximately 2 cps per wGy/h in air for 87Cs and 
15 cps per uGy/h in air for “7Am. 


Probe Active Ai X om? Mini Monitor Series 900 + ‘X’ Probe 
robe Active Area: X cm 


Controls 


2. A comprehensive summary of the ratemeter functions is contained within Publication, Reference 
A. 


Standard Test Protocol 


3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of probe and ratemeter is required appropriate subsidiary tests should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 
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Pre-radiation Tests, Electrical and Physical Examination. 
4. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery test. Check meter battery indication and condition of battery compartment and 
terminations. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of ratemeter case, cables, and cable 
connections, probe case and window. Replace as necessary. 


c. Check operation of all controls 
Radiation Tests 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources listed in Required Reference Standards, with and without the presence of the light 
source. 


(i) | Acceptance / pass criteria is that the background count should not be elevated and the 
response to the source should not be affected by the presence of the light. 


b. Response To Photon Contamination. The responses detailed below are for the specified 
reference standards, with a source to detector grille separation of 3 mm. Details of the 
derivation of contamination responses (cps per Bq.cm”) and equivalent 2 x efficiency (%) are 
given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details are 
given below for type test responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


Nivea eee 2n emcleney 
Mean Response’ Permitted Range Mean Efficiency Permitted Range 
Fe TBA + 30% TBA + 30% 
*8By TBA + 30% TBA + 30% 
ie TBA + 30% TBA + 30% 
41am TBA + 30% TBA + 30% 
"Go TBA + 30% TBA + 30% 
ice TBA + 30% TBA + 30% 
sss) TBA + 30% TBA + 30% 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


expected levels shown above. 

c. Check Source Response. (no check source has been assigned to this unit). 

d. Linearity of Response. Place the small area sources listed in Required Reference 
Standards centrally in turn 3mm below the detector. Record the net response (cps) for each 
planar disc source. 

(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 


rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 
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e. Uniformity of Response. A uniformity check is not required on this probe due to its small 
active area. 


f. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is a background level of approx. <3cps in a field of 
< 0.15 uSv.h'', H*(10) from '°’Cs 662 keV. 


6. Category 2: Annual Test. Complete all Category 1 tests. 
(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 5.c. 


(i) Acceptance / Pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 

Protocol 35a Mini Monitor Series 900 + ‘Xx’ Probe (Doserate Response) 
Function Alpha/Beta Surface Contamination Monitor 

Publications A: Mini Monitor Series 900, Models E, EL, S, SL & X operators Manual 
NSN NIA 

Required Reference Standards 


Check Source 
NU Amersham code UAC 1623 NSN 6665-99-193-3906 


Description 


1. The Mini Monitor Series 900 is a common rate meter, 
when used with the X probe gives the ability to search 
for X-ray leakage and high energy Beta emitters. The 
unit is scaled 0.5 — 2000 CPS and has a control knob 
on the front panel allowing the following operations, 
OFF, BAT, ON and ON WITH MUTED AUDIO. The 
‘*X’ is an X-Ray/Beta probe comprising of a thin end 
window GM tube with a diameter of 17mm. The 
probe response is approximately 2 cps per uGy/h in 
air for Cs and 15 cps per uGy/h in air for 24am. 


Broke di re Kom? Mini Monitor Series 900 + ‘X’ Probe 
robe Active Area: X cm 


Controls 


2. A comprehensive summary of the ratemeter functions is contained within Publication, Reference 
A. 


Standard Test Protocol 

3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of probe and ratemeter is required appropriate subsidiary tests should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 

Pre-radiation Tests, Electrical and Physical Examination. 


4. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery test. Check meter battery indication and condition of battery compartment and 
terminations. Replace as necessary. 


b, Mechanical checks. Check mechanical integrity of ratemeter case, cables, and cable 
connections, probe case and window. Replace as necessary. 


c. Check operation of all controls 
Radiation Tests 
5. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 


before introduction into service for the first time and also if any major repair or modification which 
may have altered the response of the detector is made. 
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a. Background Dose Rate. Remove the instrument from sources and record the instrument 
background dose rate. 


(i) Acceptance / Pass criteria - instrument response should reflect + 10% of the known 
dose rate for the area 


b. Response to High Air Kerma Rates. Expose the instrument to a dose rate in excess 1 
mGy.h” for at least thirty seconds. 


(i) Acceptance / Pass criteria the instrument should maintain the overload reading 
throughout the test. If the instrument reaches full-scale deflection no evidence of fold 
over is to be shown. 

c. Check Source Response. (No check source has been assigned to this unit) 
d. Linearity of Response. (Cs) Expose the instrument to a range of dose rates and record 
the observed measurements. At least three repeat measurements of the observed dose rate 


response should be carried out. 


Note: As a minimum, 1 reading for each decade within the type test data range shown should 


be tested. 
Air Kerma Rate °7Cs Permitted Range 
Air Kerma C.P.S. 
10 uGy.h-1 14-26 
25 wGy.h-1 35 — 65 
100 pGy.h-1 140 — 260 
500 uGy.h-1 700 — 1300 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


e. Energy Response Test at 60 keV (60 keV *“‘Am). Expose the instrument to a 60 keV “Am 


radiation field at a dose rate of 25uGy.h". 


Air Kerma Rate 41am Permitted Range 
Air Kerma C.P.S. 
25 uSv.h" 263 — 488 
(i) Acceptance / Pass criteria is within + 30% i.e. within the permitted range shown 


above. 


f. Directional Dependency at 60 keV (‘Am or 65 keV ISO X-ray Quality). Expose the 
instrument to “**Am or 65 keV ISO X-ray Quality radiation field at a dose rate of 25uSv.h" the 
expected polar responses are shown in Figure 1. 


Graphic to be inserted 


Figure 1: Expected Directional Dependency 
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(i) | Acceptance / Pass criteria check source response should be + 30% type test data. 


6. Category 2: Annual Test. Complete all Category 1 tests with the exception of the Directional 
Dependency Test 5.f. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response’ 
at paragraph 5.c. 


(i) Acceptance / pass criteria check source response should be +20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 36 


Function 


Publications 


Neutron Doserate Meter Type Mk 7NRM 


Neutron Dose Rate Meter 


2 


A 
B: 
Cc: 
D 
Ei 
F. 


BR 2053(13) 

Manufactures Technical Manual and User Guide 

Good Practice Guide No.14 — The Examination, Testing and Calibration of 
Portable Radiation Protection Instruments, March 1999 

Joint Services Publication 425 - Examination and Testing of lonising 
Radiation Protection Instruments, Edition 3 

Mk7 NRM Neutron Monitor Check Source Assembly Protocol, June 1997 
Response Characteristics of Neutron Survey Instruments —- NRPB Report No 
R333 (Revised February 2002) 

IEC61005 — Radiation Protection Instruments — Neutron Ambient Dose 
Equivalent (Rate) Meters, June 2004 

ICRP 74 - Conversion coefficients for use in radiological protection against 


external radiation 


NSN 6665-99-721-2702 


Required Reference Standards 


Calibration Source Reference Standards 


Reference D recommends the following selected standards for the calibration of Neutron 


Dose Rate Meters. 


“'am/Be 

2205 

?H,0 Moderated **?Cf 
Deuterium-Tritium Accelerator 


Check Source Reference Standard 


Description 


1. The ratemeter indicates on a quasilogarithmic 
scale neutron dose equivalent rate in the range 
of 0 to 10,000 ySv.h" over a range of neutron 
energies from thermal to 14 MeV. The neutron 
detector consists of a 208.3mm (8.2") diameter 
polyethylene sphere, an intermediate 
perforated cadmium layer and a 33 mm 
diameter Helium—3 filled spherical proportional 
counter mounted in the centre. The 
proportional counter detects the thermal 
neutrons that have been moderated by the 
polyethylene sphere. 


Controls 


?4\ am/Be Check Source — NSN 2090-99-930-7770 


Neutron Monitor Mk 7 NRM 


2. A comprehensive summary of the ratemeter functions is contained within the Publications, 


Reference A & B. 
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Standard Test Protocol 


3. This protocol has been produced in accordance with the guidelines detailed within References C, 
D, E & G. All tests should be recorded for Qualified Person inspection and certificate production. 
This protocol should only be used in conjunction with calibrated reference standards. 


Pre-radiation Tests, Electrical and Physical Examination. 


4. The following tests must be undertaken prior to both Category 1 and 2 tests unless stated 
otherwise. 


a. Battery test. Check meter battery indication and condition of battery compartment and 
terminations. Replace batteries as necessary. 


b. Mechanical checks. Check mechanical integrity of ratemeter case, cables, and cable 
connections, polyethylene sphere and meter. Replace as necessary. 


c. Functionality. Check operation of all controls 


d. Electrical Set-up. For Category 1 Tests only; Check electrical settings in accordance with 
References A & B. 


Radiation Tests 


Note: References C & D provide guidance on the tests that must be conducted under each 
category. Additionally, Reference H provides the conversion factors that should be used for the 
calculation of fluence to Ambient Dose Equivalent (ADE) H*(10) response. The fluence response 
characteristics for calibration sources should also be applied in order to obtain an overall instrument 
response. Refer to Reference F, Page 17 Table 4 for further details. 


Note: - For “‘Am/*Be and Cf sources correction factors should be applied to the true 
doserate to reflect the instrument response. Reference response for Leak Detector 0.24 
cps/pSvh". 


The tests that are required for each category are detailed below: - 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service for the first time and also if any major repair or modification which 
may have altered the response of the detector is made. 


a. Background Dose Rate. Remove the instrument from the influence of any radiological 
sources and record the instrument background doserate. 


(i) Acceptance / Pass criteria meter indication of less than 1ySvh" or instrument 
response should reflect + 10% of the known dose rate for the area. 


b. Response to High Dose Rates. Expose the instrument to a dose rate in excess of that which 
it could reasonably encounter in practice, for at least thirty seconds. 


(i) Acceptance / Pass criteria the instrument should maintain the reading through out the 
test. If the instrument reaches full-scale deflection no evidence of fold over is to be 
shown. 


Note: Where possible, instruments should be overload tested at 10 times the maximum scale 
indication. It is recognised that for a number of test houses this is impracticable. In these instances 
instruments should be tested at 5 or 10 times the maximum credible dose rate to which the instrument 
could be exposed. These instruments shall be labelled "Limited Cal" and the calibration certificate 
shall clearly state the limits of the overload and range testing. 


c. Gamma Rejection — Expose the instrument to a suitable gamma source i.e. '*’Cs or °°Co, at 
10mSvh"' H*(10). See Reference C & D for further details of gamma rejection. 
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(i) Acceptance/Pass criteria meter indication of less than 5Svh". 

d. Sensitivity. 
Expose the instrument to the doserate stated in Table 1 for the time period detailed. Conduct 
a second measurement with the reference source suitably stored for the same period. 
Determine the sensitivity of the instrument utilising the appropriate correction factors taking 


account for any geometrical effects that make influence the response of the instrument. 


Table 1 — Sensitivity 


Nominal Doserate H*(10) Count Period (secs) 
74" Am/Be 
500uSvh" 100s 
Background 100s 
(i) Acceptance/Pass criteria the instrument background corrected sensitivity shall be 


within +30% of the nominal reference response. 


e. Linearity of Response. Expose the instrument to the range of doserates indicated in Table 2 
and record the observed background corrected measurements. Reference G, Paragraph 
6.1.2.2 states that instruments with a logarithmic scale should be checked at one value within 
each decade of that scale. This is readily achieved by the doserates detailed within Table 2. 
However, additional doserates may be included at the discretion of the Qualified Person. 
Reference C, Section 4.2 recommends that at low dose rates sufficient measurements should 
be taken to establish a mean indication with a suitable accuracy. (i.e. +10% standard 
deviation of the mean). 


Note: As a minimum, 1 reading from each decade within the type test data range shown should 


be tested. 
Table 2 — Linearity of Response doserates 
Nominal Doserate H*(10) Relative Response 
241 Am/°Be Tolerance 
7.5uSvh' +30% 
50uSvh" +30% 
500uSvh" +30% 
2000Svh"" +30% 
(i) Acceptance/Pass criteria — the instrument background corrected response shall be 


within +30% of the relative response at each doserate measured. 


f. Energy Dependency. The response of the instrument will be dependent on the energy 
spectrum in which it is to be exposed. Expose the instrument to the doserate indicated in 
Table 3 and record the observed measurement. Reference C — Appendix A2.5 discusses 
Neutron Energy Dependence. 


Table 3 — Energy Dependence doserate 


Nominal Doserate H*(10) Relative Response 
rae Tolerance 
50uSvh" +30% 
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(i) Acceptance/Pass criteria — the instrument response shall be within +30% of the 
relative response. 


g. Directional Dependency — Expose the instrument to the doserate indicated in Table 4. Take 
a measurement at 0° and record the instrument response. Rotate the instrument through 90° 
clockwise and record its response. Return the instrument to its original position. Repeat the 
measurement at 90° in anti-clockwise direction and record it response. The instrument 
response must be normalised to unity for normal radiation incidence, with the instrument in a 
horizontal orientation. 


Table 4 — Directional Dependency doserate 


Nominal Doserate H*(10) Tolerance wrt normalised 
241 Am/*Be response at 0° 
180uSvh" +30% 
(i) Acceptance/Pass criteria — the instrument response should be within +30% of the 


normalised response. Reference C, Section 4.4 for further details. 


h. Check Source Response — Remove the plug from polyethylene sphere. Place the “‘Am/*Be 
check source into the sphere and record the instrument response. 


(i) Acceptance/Pass criteria — check source response should provide a reading of 
55uSvh"' +30%. See Reference E for further details. 
6. Category 2: Annual Test. Complete all Category 1 tests with the exception of the Directional 
Dependency Test 5.g. 


(i) Acceptance / Pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 5.h. 


(i) Acceptance / Pass criteria check source response should be +20% of the response 
recorded at Para. 5.g. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 test protocols. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 37 Dosimeter Electronic Personal (PED) Type SAIC PD-12i / PD-2i 
(Submarine Reactor Compartment Emergency Response) 


Function Electronic Personal Dosimeter 
Publications A: SAW Operation and Maintenance Manual REV 


NSN PD12i - 6665-01-445-0695 
PD2i - 6665-XX-XXX-XXXX 


Required Reference Standards 
Description 


1. This personal radiation monitor operates as a pager sized 
stand-alone Electronic Personal Dosimeter unit. The visual 
readout is based on a backlit LCD. The user can define the 
display on the dosimeter which steps through Total Dose, Dose 
Rate and Stay-time. Excess exposure above pre-set Dose and 
Doserate alarms are indicated by a chirp tone, additionally icons 
flash on the LCD unit. Dose management / history facilities are 
accessed through a separate SAIC PDR-1 Dosimeter Reader 
using a standard RS232C interface with SAIC PDRC3 Version 
2.04 (release date March 1996) software running on a PC. 


a. Radiation detection is based on a miniature energy 
compensated Geiger-Muller tube. Exposure to a radiation YDOSIMETER 
field above the predefined EEPROM default is indicated by; 

Dose alarm - Repeated double bleep. 
Doserate - Repeated single bleep. cee 


b. In the Submarine Reactor Accident Emergency Response Protection scenario. The 
measurement quantity of interest is Absorbed Dose, cGy (not to be confused with air KERMA, 
also with units Gy). 


Controls 
2. The PD-12i / PD-2i dosimeters have the following controls: 


a. Run button Turns unit on / off and illuminates display. 
b. Mode button Selects display function. 


Operation of PDRCS Dosimeter Software. 


3. See instruction manual Dosimeter Software package 20.L800 REV 061996 for full and complete 
details. 


4. Operation of PDR-1 Dosimeter Reader. 


a. Turn on the dosimeter using the RUN button. Place the dosimeter on the PDR-1 dosimeter 
reader unit with dosimeter clip facing upwards. To Dose reset the PD-12i/2i, depress DOSE 
RESET membrane pad on the PDR-1 (the status light will change to red momentarily to 
indicate action). In PDRC3 software "Main Menu Options" Press R for reset of Dosimeter. 
Dosimeter unit will bleep twice confirming a reset to dose zero. 


b. In main menu options menu select option A "EDIT”. Software will enter Menu “PD12i/2i 
EEPROM EDITINGO UTILITY" The Dosimeter will then be read by the EEPROM utility 
program. 
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c. On the left-hand side of the computer display, select Pre-set Total Dose or Dose Rate as 
required for the functional role required. Use the tab key to navigate around the menu. 
Change Dose rate and Dose alarms accordingly. Press keyboard escape key and then press 
enter key to write changes to the dosimeter. The Dosimeter will chirp to indicate that a change 
of EEPROM default has occurred. 


d. Toggle through the Dosimeter LCD display using the MODE button to ensure that the 
required defaults have been successfully set. 


5. Setting of PD-12i/2i EEPROM Dose Management Functions test points. 


(i) The PD-12i/2i internal settings and calibration test points vary depending on the 
operational use of the instrument as shown below. It will be necessary to alter the 
various settings as required during the calibration process. 


Standard Test Protocol 

6. All tests should be recorded for Qualified Person inspection and certificate production. 

Note: The instrument should be orientated such that the LCD display faces upwards and the 
green/white SAIC label (dependant on model) is facing the source of radiation. The reference center 
for the Geiger is marked as a cross on the sidewall and the left edge of the label at the rear of 
instrument for the Geiger centerline. 

Pre-radiation Tests, Electrical and Physical Examination. 


7. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery test. Check meter battery indication and condition of battery compartment and 
terminations. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of dosimeter case. Replace as necessary. 
c. Check operation of all controls 

Radiation Tests 

8. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service for the first time and also if any major repair or modification which 


may have altered the response of the detector is made. 


a. For Submarine Reactor Compartment Emergency Response Purposes, source terms must be 
realized in terms of Absorbed Dose. 


b. Configure the internal settings of the PD-12i/2i as follows:- 


(i) Dose alarm D-Alm set point 70 cGy Absorbed Dose (equivalent to 639 mGy air 
KERMA) 


(ii) | Dose alarm D-Alm set point 140 cGy Absorbed Dose (equivalent to 1277 mGy air 
KERMA) 


Note: For derivation of calibration source terms utilize; 


'87Cs: 1.096 cGy Absorbed Dose = 1.000 cGy Air KERMA 
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c. Dose Test. - Expose the instrument to the following ~’Cs integrated dose. 


Absorbed Dose cGy "37Cs Expected Response 
70 cGy 614 - 920 mSv 
140 cGy 1227 - 1841 mSv 


d. Directional Dependency at 60 keV ?“Am or 65 keV ISO X-ray Quality). Reset the 
accumulated dose and expose the left hand side (+90° instrument to a 60 keV 241Am or 65 
keV ISO X-ray Quality radiation field to a dose rate and time combination which will allow the 
dose to accumulate to 50uSv. This test should be repeated for the right hand side (-90°) of 
the instrument. 


Note: If using a PMMA slab to achieve Personal Dose Equivalent quantity, keep the PMMA 
slab immobile and rotate the instrument in front of the slab. 


241 241 
; ‘ : Am/65 keV X-rays Am/65 keV X-rays 
Bese Applied Orentation Permitted Range on PMMA Permitted Range 
of Instrument are 
Phantom Free in Air 
50 uSv - Left-hand Side TBA TBA 
50 uSv - Right-hand Side TBA TBA 
(i) Acceptance / pass criteria response should be within +30% of type test data. 


9. Category 2: Annual Test. Complete all Category 1 tests except Directional Dependency Test 
8d. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 
10. Category 3: Test Before Operational Use. Not Required. 
Certification (Qualified Person authorisation required) 


11. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 37a Dosimeter Electronic Personal (PED) Type SAIC PD-12i / PD-2i 
(Non Destructive Testing & Health Physics Use) 


Function Electronic Personal Dosimeter 
Publications A: SAW Operation and Maintenance Manual REV 


NSN PD12i - 6665-01-445-0695 
PD2i - 6665-XX-XXX-XXXX 


Required Reference Standards 
Description 


1. This personal radiation monitor operates as a pager sized 
stand-alone Electronic Personal Dosimeter unit. The visual 
readout is based on a backlit LCD. The user can define the 
display on the dosimeter which steps through Total Dose, 
Dose Rate and Stay-time. Excess exposure above pre-set 
Dose and Doserate alarms are indicated by a chirp tone, 
additionally icons flash on the LCD unit. Dose management / 
history facilities are accessed through a separate SAIC PDR-1 
Dosimeter Reader using a standard RS232C interface with 
SAIC PDRC3 Version 2.04 (release date March 1996) 
software running on a PC. 


a. Radiation detection is based on a miniature energy 
compensated Geiger-Muller tube. Exposure to a radiation 
field above the predefined EEPROM default is indicated 
by; 


¥DOSIMETER 


Dose alarm - Repeated double bleep. PD12i 
Doserate - Repeated single bleep. 


b. In the Non-Destructive Testing and Health Physics Protection scenario, the measurement 
quantity of interest is Personal Dose Equivalent, uSv H, (10). 


Controls 

2. The PD-12i/2i dosimeter has the following controls: 
a. Run button Turns unit on / off and illuminates display. 
b. Mode button Selects display function. 

Operation of PDRCS Dosimeter Software. 


3. See instruction manual Dosimeter Software package 20.L800 REV 061996 for full and complete 
details. 


4. Operation of PDR-1 Dosimeter Reader. 


a. Turn on the dosimeter using the RUN button. Place the dosimeter on the PDR-1 dosimeter 
reader unit with dosimeter clip facing upwards. To Dose reset the PD-12i/2i, depress DOSE 
RESET membrane pad on the PDR-1 (the status light will change to red momentarily to 
indicate action). In PDRC3 software "Main Menu Options" Press R for reset of Dosimeter. 
Dosimeter unit will bleep twice confirming a reset to dose zero. 
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b. In main menu options menu select option A "EDIT’. Software will enter Menu “PD12i/2i 
EEPROM EDITINGO UTILITY" The Dosimeter will then be read by the EEPROM utility 
program. 


c. On the left-hand side of the computer display, select Pre-set Total Dose or Dose Rate as 
required for the functional role required. Use the tab key to navigate around the menu. 
Change Dose rate and Dose alarms accordingly. Press keyboard escape key and then press 
enter key to write changes to the dosimeter. The Dosimeter will chirp to indicate that a change 
of EEPROM default has occurred. 


d. Toggle through the Dosimeter LCD display using the MODE button to ensure that the 
required defaults have been successfully set. 


5. Setting of PD-12i/2i EEPROM Dose Management Functions test points. 


a. The PD-12i/2i internal settings and calibration test points vary depending on the operational 
use of the instrument as shown below. It will be necessary to alter the various settings as 
required during the calibration process. 


Standard Test Protocol 

6. All tests should be recorded for Qualified Person inspection and certificate production. 

Note: The instrument should be orientated such that the LCD display faces upwards and the 
green/white SAIC label (dependant on model) is facing the source of radiation. The reference center 
for the Geiger is marked as a cross on the sidewall and the left edge of the label at the rear of 
instrument for the Geiger centerline. 

Pre-radiation Tests, Electrical and Physical Examination. 


7. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery test. Check meter battery indication and condition of battery compartment and 
terminations. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of dosimeter case. Replace as necessary. 
c. Check operation of all controls 
Radiation Tests 


8. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service for the first time and also if any major repair or modification which 
may have altered the response of the detector is made. 


Note: For Non-destructive Testing and Health Physics Protection Purposes, all source terms must 
be realised in terms of Personal Dose Equivalent H, (10). The methods for realizing this dosimetric 
quantity are detailed in JSP 425. 


a. Configure the internal settings of the PD-12i / PD-2i as follows:- 
(i) Dose Alarm D-Alm as operationally required, typically 1000 uSv, H, (10). 


(ii) Dose Rate alarm D-Alm as operationally required, suggest 12 mSv.h"', Hp (10). 
(iii) Set CHIRP Increment to 10 Sv, H, (10). 
(iv) Enable alarms. 


(v) Enable Rate Mode Change. 
(vi) Disable Stay Mode. 


Note: For derivation of calibration source terms for ‘free in air” irradiation’s utilize; 


'8’Cs: 1.154 mSv Personal Dose Equivalent H, (10) = 1.000 mGy Air KERMA 
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These factors are derived assuming a backscatter correction factor of 4 %. If the calibration is 
carried out using an appropriate phantom, then these correction factors are not 
required. 


b. Doserate Alarm Test. - The instrument should be exposed to '°’Cs doserate of 12 mSv.h'' 
for a minimum of 30 seconds. 


(i) Acceptance / Pass criteria, the instrument should alarm (continuous intermittent 
beep) at the alarm level set prior to the calibration, if the unit does not alarm when this 
doserate is applied the unit must be failed. 

c. Accumulated Dose Test. (*"Cs) Expose the instrument to a dose rate and time 
combination, which will allow the dose to accumulate to the values given in the table below. 
When each exposure has finished record the dose measurement. 
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Accumulated Dose Cs Permitted Range 


Hp(10) Hp(10) 
50 uSv 40 -—60uSv 
500 uSv 400 — 600uSv 
5000 pSv 4000 — 6000uSv 
(i) Acceptance / Pass criteria is instrument response within + 20% i.e. within the 


permitted ranges shown above. 


d. Dose Alarm Test. ('?’Cs) Expose the instrument to a dose rate and time combination, which 
will allow the dose to accumulate to 1.1 mSv. 


(i) Acceptance / Pass criteria, the instrument should alarm (repeated double beep) at the 
alarm level set prior to the calibration, if the unit does not alarm when this dose is applied 
the unit must be failed. 


e. Energy Response Test (*“‘Am or 65 keV ISO X-ray Quality). Expose the instrument to a 
“7am or 65 keV ISO X-ray Quality radiation field at dose rate and time combination, which 
will allow the dose to accumulate 50uSv. 


Accumulated Dose 41am Permitted Range 65 keV ISO X-ray Quality 
Hp(10) Hp(10) Hp(10) 
50 uSv 19.6 — 36.4 uSv TBA 
(i) Acceptance / Pass criteria is within the permitted ranges shown above. 


f. Directional Dependency at 60 keV (*“Am or 65 keV ISO X-ray Quality). Reset the 
accumulated dose and expose the left hand side (+90° instrument to a 60 keV 241Am or 65 
keV ISO X-ray Quality radiation field to a dose rate and time combination which will allow the 
dose to accumulate to 50uSv. This test should be repeated for the right hand side (-90°) of 
the instrument. 


Note: If using a PMMA slab to achieve Personal Dose Equivalent quantity, keep the PMMA 
slab immobile and rotate the instrument in front of the slab. 


241 241 
F P : Am/65 keV X-rays Am/65 keV X-rays 
Bese APR led/Onentation of Permitted Range on PMMA Permitted Range 
Instrument ee 
Phantom Free in Air 
50 uSv - Left-hand Side TBA TBA 
50 uSv - Right-hand Side TBA TBA 
(i) Acceptance / pass criteria response should be within +30% of type test data. 
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9. Category 2: Annual Test. Complete all Category 1 tests except Directional Dependency Test 8f. 
(i) Acceptance / pass criteria are the same as Category 1 tests. 

10. Category 3: Test Before Operational Use. Not Required. 

Certification (Qualified Person authorisation required) 


11. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 43 Contamination Probe Beta Type 1275C Probe 


Function Beta / Gamma Contamination Monitor 

Publications A: AP112G-1316-0 - Ratemeter Set Type RM10 

NSN 6665-99-911-0260 

Required Reference Standards 

‘All must be emission rate calibrated except UAC1623: 

Extended area *°Sr/Y Type WRS 7/E Amersham code SIR 07032 or Type WRS 6/E SIR 06032; 
“cl Type WRS 7/E Amersham code CIR 07032 or Type WRS 6/E CIR 06032; 
8's Type WRS 7/E Amersham code CDR 07032 or Type WRS 6/E CDR 06032; 

Small area (16mm Active Diameter) 
"Sr Type WRS 1/E Amersham code SIR 01011, SIR 01024 and SIR 01031. 

Check Source “"U Amersham code UAC 1623 NSN 6665-99-193-3906 

MOD Jigs Rig SK 1407 

Description 

1, The 1275C beta / gamma probe and a ratemeter 

combination is a general purpose beta / gamma 


contamination monitor, The probe is fitted with a 
geiger-muller tube containing argon / ethyl formate gas 


at low pressure, this tube is fragile and care must be 
taken not to damage it. The probe is fitted with a 
shutter allowing B assessment to be carried out and 
has an opening of 22.1 cm*, The beta / gamma probe 
is normally used in a training role. 


Probe Active Area: X cm? 
1275C Probe 
Controls 


2. A comprehensive summary of the ratemeter functions is contained within the Publication, 
Reference A. 


Standard Test Protocol 

3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and radiacmeter connections. Where 
separate testing of probe and radiacmeter is required for logistics reasons, appropriate subsidiary 
test should be completed, to confirm suitability of replacement probe or radiacmeter, These tests 
may be derived from those detailed in this protocol. 


Note: This protocol should only be carried out using a calibrated ratemeter. 
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Pre-radiation Tests, Electrical and Physical Examination. 
4. The following tests must be undertaken prior to both Category 1 and 2 tests. 
a. Battery test. Check meter battery indication. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of probe, cables, cable connections and 
GM tube. Replace as necessary. 


c. Check operation of all controls 
Radiation Tests 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


Note: The 1275C probe and ratemeter operational voltage should be determined prior to 
this test, following the procedure given in publication TBA. Precise plateau characteristics will be 
probe and ratemeter dependent and must be determined for each combination. All 
measurements are undertaken unless otherwise stated with the shutter open 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources listed in Required Reference Standards, with and without the presence of the light 
source. 


(i) | Acceptance / pass criteria is that the background count should not be elevated and the 
response to the source should not be affected by the presence of the light. 


b. Response To Beta Contamination. The responses detailed below are for the specified 
reference standards, with a source to detector grille separation of 3 mm. Details of the 
derivation of contamination responses (cps per Bq.cm? ) and equivalent 2 x efficiency (%) are 
given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details are 
given below for type test responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


; cps.Bq".cm? 2n Efficiency 

Nuclide (P=2) % 

Mean Permitted nar Permitted 
Mean Efficiency 
Response Range Range 
i 1.79 1.25 — 2.32 16.5 11.5-21.4 
SHY 2.33 1.63 — 3.02 21.5 15-279 
WiGs* 1.14 0.80 — 1.48 10.7 7.5 —13.9 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


c. Check Source Response. Place the ““U UAC 1623 Check Source centrally 3mm below the 
detector with the shutter closed and the record the response on the calibration certificate. 
Open the shutter and record the response on the calibration certificate. 


(i) Acceptance / Pass criteria check source response should be + 20% type test data 
response. 


d. Linearity of Response. Place the small area sources listed in Required Reference 


Standards centrally in turn 3mm below the detector. Record the net response (cps) for each 
planar disc source. 
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(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 
rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 


e. Uniformity of Response. A uniformity check is not required on this probe due to its small 
active area. 


f. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is 1 cps in a field of < 0.15 uSv.h”, H*(10) from '°’Cs 662 
keV. 


6. Category 2: Annual Test. Complete all Category 1 tests. 
(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test "Check Source Response" 
at paragraph 5.c. 


(i) Acceptance / pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 44 Contamination Probe Alpha Type 1320C 

Function Alpha Surface Contamination Monitor 

Publications A: AP112G-1316-0 — Ratemeter Set Type RM10 

NSN 6665-99-949-1324 

Required Reference Standards 

‘All must be emission rate calibrated except UAC 1623: 

Extended area "Am Type WRS 7/E Amersham code AMR 07032 or Type WRS 6/E AMR 06032; 
“'S11Y Type WRS TIE Amersham code SIR 07032 or Type WRS 6/E SIR 06032; 
Pu Type WRS 7/E Amersham code PPR 07032 or Type WRS 6/E PPR 06032; 
“U Type WRS 7/E Amersham code UAR 07032 or Type WRS 6/E UAR 06032 

Small area (16mm Active Diameter) 
21am Type WRS 1/E Amersham code AMR 01011, AMR 01021 and AMR 01031 


Check Source —“"U Amersham code UAC 1623 NSN 6665-99-193-3906 


MOD Jigs Rig SK 1407 
Base plate jig 
Linearity Jig 
Description 


1, The 1320C alpha probe and a ratemeter combination 

is a general purpose alpha surface contamination 

monitor. The probe comprises an enamel painted 

aluminium housing with a light tight Melinex and 

aluminium foil window protected by a chrome plated 

grille, The scintillation phosphor is a layer of silver 

activated zinc sulphide on a thin sheet of Perspex, 

giving a nominal window area of 75.7 cm. A 

photomultiplier tube and thick film resistor network are 

contained in the housing. The ratemeter provides 

high voltage, counting threshold and scaler functions. 

The 1320C grille provides better protection for the 

window of the probe. 

1320€ Probe 

Probe Active Area: 75,7 cm* 


Controts 

2. Acomprehensive summary of the ratemeter is contained within the Publication, Reference A 

Standard Test Protocol 

3, All tests should be recorded for Qualified Person inspection and certificate production, This 
protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of probe and ratemeter is required appropriate subsidiary tests should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 


Note: This protocol should only be carried out using a calibrated ratemeter. 
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Pre-radiation Tests, Electrical and Physical Examination. 


4. 


The following tests must be undertaken prior to both Category 1 and 2 tests. 
a. Battery test. Check meter battery indication. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of the probe, cables, cable connections, 
and probe window. Replace as necessary. 


c. Check operation of all controls 


Radiation Tests 


5. 


Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


Note: The 1320C alpha probe and ratemeter operational voltage should be determined prior 
to this test, following the procedure given in publication TBA. Precise plateau characteristics will 
be probe and ratemeter dependent and must be determined for each combination. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources listed in Required Reference Standards, with and without the presence of the light 
source. 


(i) | Acceptance / pass criteria is that the background count should not be elevated and the 
response to the source should not be affected by the presence of the light. 


b. Response To Alpha Contamination. The responses detailed below are for the specified 
reference standards, with a source to detector grille separation of 3 mm. Details of the 
derivation of contamination responses (cps per Bq.cm? ) and equivalent 2 x efficiency (%) are 
given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details are 
given below for type responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


Nuclide ape ea am 2n emeleney 
Mean Response oe Mean Efficiency ae 
Am 11.11 7.78 — 14.44 29.5 20.6 — 38.3 
*38By 11.11 7.78 — 14.44 29.3 20.5 — 38.1 
pease, 4.35 3.04 — 5.65 12 8.4—15.7 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


c. Check Source Response. Place the Ney UAC 1623 Check Source in contact with the 
detector grille and the record the response on the calibration certificate. 


(i) Acceptance / Pass criteria check source response should be + 20% type test data 
response. 


d. Linearity of Response. Place the small area sources listed in Required Reference 
Standards centrally in turn with a source to detector separation of 3mm. Record the net 
response (cps) for each planar disc source. 


(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 


rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 
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e. Uniformity of Response. Each 10 cm’ area of the detector window must be tested by 
placing one of the small area sources listed in Required Reference Standards (preferably the 
item with the highest activity) in turn in nine measurement positions to ensure uniformity and 
record the instrument response for each position. 


(i) Acceptance / pass criteria is that no more than 30% of the total probe area should 
have a response which is less than 30% of the mean. 


f. Beta Rejection. Place the “Sr/Y extended area reference source as listed in Required 
Reference Standards in the appropriate contamination response jig and record the beta. 


(i) Acceptance / pass criteria is that the monitor response should be < 1% of the 
equivalent 47am or ***Pu response, i.e. if the probe efficiency is 40% for alpha radiation it 
should be < 0.4% for beta radiation. 


g. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is 0.5 cps in a field of < 0.15 uSv.h", H*(10) from 471m 60 
keV. 


6. Category 2: Annual Test. Complete all Category 1 tests with the exception of the Uniformity of 
Response Test 5.e. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test "Check Source Response" 
at paragraph 5.c. 


(i) Acceptance / pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 45 Contamination Probe Alpha Type AP2/4 or AP2R/4 


Function Alpha surface Contamination Monitor 


Publications A: _NE Technology instruction Manual Alpha Probe AP2/4 
B: NE Technology Instruction Manual Alpha Probe AP2R/4 


NSN NIA 

Required Reference Standards 

‘All must be emission rate calibrated except UAC 1623: 

Extended area “Am Type WRS 7/E Amersham code AMR 07032 or Type WRS 6/E AMR 06032; 
"Pu Type WRS 7/E Amersham code PPR 07032 or Type WRS 6/E PPR 06032; 
“TU Type WRS 7/E Amersham code UAR 07032 or Type WRS 6/E UAR 06032; 
®SrlY Type WRS TIE Amersham code SIR 07032 or Type WRS 6/E SIR 06032. 

Small area (16mm Active Diameter) 
“Srl Type WRS 1/E Amersham code SIR 01011, SIR 01021 and SIR 01031. 


Check Source "Am Mk 7 NXS check source NSN: 6665-99-736-2887 


MOD Jigs WRS 7IE Base Plate Drawing Ref. AS710067 
WRS 6/E Base Plate Drawing Ref. AS71006 
‘AP2/4 Support Plate Drawing Ref. AS710071 
AP2/4 Uniformity & Linearity Insert Drawing Ref. AS710074 
Description 


4. The AP2/4 or ‘ruggedised’ AP2R/4 alpha probes and a 
ratemeter combination is a general purpose alpha 
surface contamination monitor. The probes comprises 
an enamel painted aluminium housing with a light tight 
aluminised polycarbonate window protected by a 
chrome plated grille, giving a nominal window size of 49 
om?, The scintillation phosphor is a layer of silver 
activated zinc sulphide on a thin sheet of Perspex. A 
photomultiplier tube and thick film resistor network are 
contained in the handle of the housing. The ratemeter 
provides high voltage, counting threshold and scaler 
functions. The AP2/4 and AP2R(4 differ only in the type 
of grille used. The AP2R/4 grille provides better 
protection for the window of the probe. 


AP2R/4 Probe 


Probe Active Area: 49 cm* 
Controls 


2. A comprehensive summary of the ratemeter is contained within the Publications, Reference A & 
B. 


Standard Test Protocol 


3. All tests should be recorded for Qualified Person inspection and certificate production. This 
Protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of probe and ratemeter is required appropriate subsidiary tests should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 
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Pre-radiation Tests, Electrical and Physical Examination. 
4. The following tests must be undertaken prior to both Category 1 and 2 tests. 
a. Battery test. Check meter battery indication. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of probe, cables, cable connections, and 
probe window. Replace as necessary 


c. Check operation of all controls 
Radiation Tests 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


Note: The AP2 series alpha probe and ratemeter operational voltage should be determined 
prior to this test, following the procedure given in publication A & B. Precise plateau 
characteristics will be probe and ratemeter dependent and must be determined for each 
combination. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources listed in Required Reference Standards, with and without the presence of the light 
source. 


(i) | Acceptance / pass criteria is that the background count should not be elevated and the 
response to the source should not be affected by the presence of the light. 


b. Response To Alpha Contamination. The responses detailed below are for the specified 
reference standards, with a source to detector grille separation of 3 mm. Details of the 
derivation of contamination responses (cps per Bg.cm” ) and equivalent 2 x efficiency (%) are 
given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details are 
given below for type test responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


-1 2 ase 
: cps.Bq .cm 
Nuclide p q 2n EMIcIency 
(P=2) 7 
AP2/4 AP2R/4 AP2/4 AP2R/4 
Mean Permitted Mean Permitted Mean Permitted Mean Permitted 
Response Range Response Range Efficiency Range Efficiency Range 
241Am 10 7-13 TBA +30% 39.54 27.68 — 51.40 TBA +30% 
238py 10 7243 TBA +30% 39.35 27,54 —51.15 TBA +30% 
MAT 5.26 6.84 - 3.68 TBA +30% 22.17 15.52 — 28.82 TBA +30% 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


c. Check Source Response. Place the Naty UAC 1623 Check Source in contact with the 
detector grille and the record the response on the calibration certificate 


(i) Acceptance / Pass criteria check source response should be + 20% type test data 
response. 


d. Linearity of Response. Place the small area sources listed in Required Reference 


Standards centrally in turn with a source to detector separation of 3mm. Record the net 
response (cps) for each planar disc source. 
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(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 
rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 


e. Uniformity of Response. Each 10 cm? area of the detector window must be tested by 
placing one of the small area sources listed in Required Reference Standards (preferably the 
item with the highest activity) in turn in five measurement positions and recording the 
instrument response. 


(i) Acceptance / pass criteria is that no more than 30% of the total probe area should 
have a detection efficiency which is less than 30% of the mean. 


f. Beta Rejection. Place the ““Sr/Y extended area reference source as listed in Required 
Reference Standards in the appropriate contamination response jig and record the beta. 


(i) Acceptance / pass criteria is that the monitor response should be < 1% of the 
equivalent *“'Am or 7*°Pu response, i.e. if the probe efficiency is 40% for alpha radiation it 
should be < 0.4% for beta radiation. 


g. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is 0.5 cps in a field of < 0.15 uSv.h", H*(10) from 7“"Am 60 
keV. 


6. Category 2: Annual Test. Complete all Category 1 tests with the exception of the Uniformity of 
Response Test 5.e. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test "Check Source Response" 
at paragraph 5.c. 


(i) Acceptance / pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 46 Contamination Probe Alpha Type AP3/4 or AP3R/4 


Function Alpha surface Contamination Monitor 


A: NE Technology Instruction Manual Alpha Probe AP3/4 
B: NE Technology Instruction Manual Alpha Probe AP3R/4 


NSN NIA 

Required Reference Standards 

All must be emission rate calibrated except UAC 1623: 

Extended area "Am Type WRS 7/E Amersham code AMR 07032 or Type WRS 6/E AMR 06032; 
?3§Pu Type WRS 7/E Amersham code PPR 07032 or Type WRS 6/E PPR 06032; 
“ATU Type WRS 7/E Amersham code UAR 07032 or Type WRS 6/E UAR 06032; 
°Sr/Y Type WRS 7/E Amersham code SIR 07032 or Type WRS 6/E SIR 06032. 

Small area (16mm Active Diameter) 
®Sr/Y Type WRS 1/E Amersham code SIR 01011, SIR 01021 and SIR 01031 


2a 


Check Source ‘Am Mk 7 NXS check source NSN: 6665-99-736-2887 


MOD Jigs WRS 7/E Base Plate Drawing Ref. AS710067 
WRS 6/E Base Plate Drawing Ref. AS710066 
AP3/4 Support Plate Drawing Ref. AS710073 
AP3/4 Uniformity & Linearity Insert Drawing Ref. AS710068 


Equipment Overview 


Description and Use: The AP3/4 or ‘ruggedised' AP3R/4 alpha 
probes and a ratemeter combination is a general purpose alpha 
surface contamination monitor. The scintillation phosphor is a layer of 
silver activated zinc sulphide on a thin sheet of Perspex. A 
photomultiplier tube and thick film resistor network are contained in 
the handle of the housing. The ratemeter provides high voltage, 
counting threshold and scaler functions. The AP3/4 and AP3R/4 
differ only in the type of grille used. The AP3R/4 grille provides better 
protection for the window of the probe. 

Physical Construction: The probes comprises an enamel painted 
aluminium housing with a light tight aluminised polycarbonate window 
protected by a chrome plated grille, giving a nominal window size of 
100 cm* 

Detector Type: Photomultiplier EMI type 9600H AP3R/4 Probe 
Detector Active Area: 100 cm? 


Controls 


1. A comprehensive summary of the ratemeter is contained within the Publications, Reference A & 
B. 
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Standard Test Protocol 


2. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter connections. Where separate 
testing of probe and ratemeter is required, appropriate subsidiary test should be completed, to 
confirm suitability of replacement probe or ratemeter. These tests may be derived from those 
detailed in this protocol. 


Note: This protocol should only be carried out using a calibrated ratemeter. 
Pre-radiation Tests, Electrical and Physical Examination. 
3. The following tests must be undertaken prior to both Category 1 and 2 tests. 


a. Battery test. 
Check meter battery indication and condition of battery compartment and terminations. 
Replace as necessary. 


b. Mechanical Zero. 
Zero meter mechanical movement using meter adjustment screw. if necessary. 


c. Mechanical checks. 
Check mechanical integrity of probe, cables, cable connections, and probe window. Replace 
as necessary. 


d. Check operation of all controls 
Radiation Tests 


4. Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


Note: The AP3 series alpha probe and ratemeter operational voltage should be determined prior 
to this test, following the procedure given in publications reference A & B. Precise plateau 
characteristics will be probe and ratemeter dependent and must be determined for each 
combination. 


a. Background Count Rate. 
Remove the probe from the sources and record the monitor background count rate. 


(i) Acceptance / pass criteria - 0.1 cps in a field of < 0.15 uSv.h", H*(10) from 
47am 60 keV. 


b. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources in Required Reference Standards with and without the presence of the light source. 


(i) | Acceptance / pass criteria - The background count should not be elevated and 
the response to the source should not be affected by 
the presence of the light. 


c. Response to Alpha Contamination. 
The responses detailed below are for the specified reference standards, with a source to 
detector grille separation of 3 mm. Details of the derivation of contamination responses (cps 
per Bq.cm’ ) and equivalent 2 x efficiency (%) are given in part 2 of JSP 425. Responses 
must be determined for all nuclides listed. Details are given below for type responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 
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Nuclide cps.Bq'.cm? 2x Efficiency 
(P=2) % 
AP3/4 AP3R/4 AP3/4 AP3R/4 
Mean Permitted Mean Permitted Mean Permitted Mean Permitted 
Response Range Response Range Efficiency Range Efficiency Range 
241 Am 17.7 12.4 — 23.0 12.5 8.8 — 16.3 35 24.5-45.5 25 17.5 -32.5 
238By 17 11.9—22.1 12.5 8.8 — 16.3 34 23.8 — 44.2 25 17.5 -32.5 
aaa 8 8 5.6—10.4 5.9 AS =F 16 11.2—20.8 12 8.4—15.6 
(i) Acceptance / pass criteria - Instrument response within + 30% i.e. the expected 


levels shown above. 


d. Linearity of Response. Place the small area sources listed in Required Reference 
Standards centrally in turn with a source to detector separation of 3mm. Record the net 
response (cps) for each planar disc source. 


(i) Acceptance / pass criteria - The ratio of indicated response to source emission 
rate should be determined for each of the three 
sources. Each individual ratio should agree with the 
mean of all three ratios to within + 30%. 


e. Uniformity of Response. 
Each 10 cm’ area of the active detector window must be tested by placing one of the small 
area sources listed in Required Reference Standards (preferably the item with the highest 
activity) in turn in five measurement positions and recording the instrument response. 


(i) Acceptance / pass criteria - No more than 30% of the total probe area should 
have a detection efficiency which is less than 30% 
of the mean. 


f. Beta Rejection. 

Place the °°Sr/Y extended area reference source as listed in Required Reference Standards 

in the appropriate contamination response jigs and record the beta response. 

(i) Acceptance / pass criteria - The monitor response should be < 1% of the 
equivalent *“‘Am or *’Pu response, i.e. if the probe 
efficiency is 40% for alpha radiation it should be < 
0.4% for beta radiation. 


g. Check Source Response. Place the ?414m Mk 7NXS Check Source centrally in contact with 
the detector grille and the record the response on the calibration certificate 


(i) Acceptance / Pass criteria - Check source response should be + 20% type test 
data response. 


5. Category 2: Annual Test. Complete all Category 1 tests with the exception of the Uniformity of 
Response Test 5.e. 


(i) Acceptance / pass criteria - The same as Category 1 tests. 


6. Category 3: Test before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 5.c. 


(i) Acceptance / pass criteria - Check source response should be + 20% of the 
response recorded at Para 5.c. 


Certification (Qualified Person authorisation required) 


7. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 


CBRN IPT Protocol 46 - 3 ISSUE 4.3 January 09 


MRCQP Radiation Detection and Monitoring Equipment Calibration Protocols 


Intentionally Blank 


CBRN IPT Protocol 46 - 4 ISSUE 4.3 January 09 


MRCQP Radiation Detection and Monitoring Equipment Calibration Protocols 


Standard Radiological Monitoring Instrument Statutory Test 
Protocol 47 Contamination Probe Beta Type BP10 


Function Beta Contamination Monitoring Probe 
Publications A: BR 2053 (111). 

NSN 6665-99-640-0349 

Equipment Declared Obsolete under DCI RN 125/03 


Protocol Deleted 


CBRN IPT Protocol 47 - 1 ISSUE 4.3 January 09 


MRCQP Radiation Detection and Monitoring Equipment Calibration Protocols 


Intentionally Blank 


CBRN IPT Protocol 47 - 2 ISSUE 4.3 January 09 


[MRCP Raison Detscton and Monitoring Eauipmnt CabratonPratcois 


Standard Radiological Monitoring Instrument Statutory Test 


Protocol 48 Contamination Probe Beta Type BP4, BP4/4A, BP4/4B or 
BP4/4c 


Funetion Beta surface Contamination Monitor 

Publications ANE Technology Instruction Manual Beta Probe BP4 
B: NE Technology Instruction Manual Beta Probe BP4/4A 
C:_NE Technology Instruction Manual Beta Probe BP4/4B 
D: NE Technology Instruction Manual Beta Probe BP4/4C 

NSN 6665-99-765-7402 

Required Reference Standards 

{All must be emission rate calibrated except UAC1623: 

Extended area “C Type WRS 7/E Amersham code CFR 07032 or Type WRS 6IE CFR 06032; 
C1 Type WRS 7/E Amersham code CIR 07032 or Type WRS 6/E CIR 06032; 
pm Type WRS 7/E Amersham code PHR 07032 or Type WRS 6/E PHR 06032; 
*srlY Type WRS 7IE Amersham code SIR 07032 or Type WRS 6IE SIR 06032; 
"Co Type WRS 7IE Amersham code CKR 07032 or Type WRS 6/E CKR 06032; 
*'Cs Type WRS 7/E Amersham code CDR 07032 or Type WRS 6/E CDR 06032. 

‘Small area (16mm Active Diameter) 
“Sr1Y Type WRS 1/E Amersham code SIR 01011, SIR 01021 and SIR 01031 


Check Source "U Amersham code UAC 1623 NSN 6665-99-193-3906 


MOD Jigs WRS 7/E Base Plate Drawing Ref. AS710067, 
WRS 6/E Base Plate Drawing Ref. AS710066 
BP4 Support Plate Drawing Ref. AS710069 
BP4 Uniformity & Linearity Insert Drawing Ref, AS71074 
Description 


1. The BP4 series beta proves and a ratemeler 
combination is a general purpose beta surface 
contamination monitor. The BP4 series probes are 
comprised of an enamel painted aluminium housing 
with a light tight aluminised polycarbonate window 
protected by a chrome plated grille, giving a 
nominal window size of 19,6 cm’, The scintiation 
phosphor is a layer of anthracene on a Perspex 
light guide. A photomultiplier tube and thick film 
resistor network are contained in the handle of the 
housing. The ratemeter provides high voltage, 
counting threshold and scaler functions. The BP4, 
‘A, B and C versions differ in the spacing between 
the protective grille and light tight window; these 
are 3, 6 and 9 mm respectively. This allows 
ruggedisation to be balanced against sensitivity 
for specific applications. BP4 Probe 


Probe Active Area: 19.6 cm? 
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Controls 


2. A comprehensive summary of the ratemeter functions is contained within the Publications, 
Reference A, B, C & D. 


Standard Test Protocol 


3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of probe and ratemeter is required appropriate subsidiary test should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 


Pre-radiation Tests, Electrical and Physical Examination. 
4. The following tests must be undertaken prior to both Category 1 and 2 tests. 
a. Battery test. Check meter battery indication. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of probe, cables, cable connections and 
probe window. Replace as necessary. 


c. Check operation of all controls 
Radiation Tests 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


Note: The BP4 series beta probe and ratemeter operational voltage should be determined 
prior to this test, following the procedure given in publication A - D. Precise plateau 
characteristics will be probe and ratemeter dependent and must be determined for each 
combination. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources listed in Required Reference Standards, with and without the presence of the light 
source. 


(i) | Acceptance / pass criteria is that the background count should not be elevated and the 
response to the source should not be affected by the presence of the light. 


b. Response To Beta Contamination. The responses detailed below are for the specified 
reference standards, with a source to detector grille separation of 3 mm. Details of the 
derivation of contamination responses (cps per Bq.cm? ) and equivalent 2 x efficiency (%) are 
given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details are 
given below for type test responses. 
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Note: Nuclide's identified by a * are desirable for category two tests only. 


Nuclide ae 2n peas 
Mean Response Mean Efficiency 
BP4 BP4/4A BP4/4B BP4/4C BP4 BP4/4A BP4/4B- BP4/4C 
=C TBA TBA TBA TBA TBA TBA TBA TBA 
6C| TBA TBA TBA TBA TBA TBA TBA TBA 
47Bm* TBA TBA TBA TBA TBA TBA TBA TBA 
°SrlY TBA TBA TBA TBA TBA TBA TBA TBA 
Co TBA TBA TBA TBA TBA TBA TBA TBA 
Cs* TBA TBA TBA TBA TBA TBA TBA TBA 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


c. Check Source Response. Place the ““'U UAC 1623 Check Source centrally on the probe 
grid and the record the response on the calibration certificate 


(i) Acceptance / Pass criteria check source response should be + 20% type test data 
response. 


d. Linearity of Response. Place the small area sources listed in Required Reference 
Standards centrally in turn 3mm below the detector. Record the net response (cps) for each 
planar disc. 

(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 
rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 


e. Uniformity of Response. A uniformity check is not required on this probe due to its small 
active area. 


f. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is < 6 cps in a field of < 0.15 uSv.h"', H*(10) from '°’Cs 662 
keV. 


6. Category 2: Annual Test. Complete all Category 1/ tests. 
(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 5.c. 


(i) Acceptance / pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 49 Contamination Probe Beta Type BP7, BP7/4 


Function Low Energy Beta surface Contamination Monitor 


Publications A: _NE Technology Instruction Manual Beta Probe BP7 
B: NE Technology Instruction Manual Beta Probe BP7/4 


NSN NIA 
Required Reference Standards 
All must be emission rate calibrated except “*'U Amersham code UAC 1623 Check Source: 


Extended area 
'\C Type WRS 7/E Amersham code CFR 07032 or Type WRS 6/E CFR 08032; 


“C1 Type WRS 7/E Amersham code CIR 07032 or Type WRS 6/E CIR 0603: 

“7Pm Type WRS 7/E Amersham code PHR 07032 or Type WRS 6/E PHR 06032; 

*Sr1Y Type WRS 7/E Amersham code SIR 07032 or Type WRS 6/E SIR 06032; 

Co Type WRS 7/E Amersham code CKR 07032 or Type WRS 6/E CKR 06032; 

"Cs Type WRS 7/E Amersham code CDR 07032 or Type WRS 6/E CDR 06032. 
‘Small area (16mm Active Diameter) 

*°SriY Type WRS 1/E Amersham code SIR 01011, SIR 01021 and SIR 01031 


Check Source 
N*'J Amersham code UAC 1623 NSN 6665-99-193-3906 


Description 


1, The BP7 series beta probes and a ratemeter 
combination is a low energy beta surface contamination 
monitor. The BP7 series probes are comprised of an 
enamel! painted aluminium housing with a light tight 
aluminised polycarbonate window protected by a chrome 
plated grille, giving a nominal window size of 49 cm’. 
The scintillation phosphor is a layer of anthracene on a 
Perspex light guide, A photomultiplier tube and thick film 
resistor network are contained in the handle of the 
housing. The ratemeter provides high voltage, counting 
threshold and scaler functions. 


Probe Active Area: 49 cm* 


Controls 


2. A comprehensive summary of the ratemeter functions is contained within the Publications, 
Reference A & B. 


Standard Test Protocol 


3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter combinations, Where 
separate testing of probe and ratemeter is required appropriate subsidiary tests should be 
‘completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 
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Pre-radiation Tests, Electrical and Physical Examination. 
4. The following tests must be undertaken prior to both Category 1 and 2 tests. 
a. Battery test. Check meter battery indication. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of probe , cables, cable connections and 
probe window. Replace as necessary. 


c. Check operation of all controls 
Radiation Tests 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


Note: The BP4 series of beta probe and ratemeter operational voltage should be 
determined prior to this test, following the procedure given in publications A - D. Precise plateau 
characteristics will be probe and ratemeter dependent and must be determined for each 
combination. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed. Record the probe’s response to one of the small area 
sources listed in Required Reference Standards, with and without the presence of the light 
source. 


(i) | Acceptance / pass criteria is that the background count should not be elevated and the 
response to the source should not be affected by the presence of the light. 


b. Response To Beta Contamination. The responses detailed below are for the specified 
reference standards, with a source to detector grille separation of 3 mm. Details of the 
derivation of contamination responses (cps per Bq.cm’) and equivalent 2 1 efficiency (%) are 
given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details are 
given below for type test responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


Nuclide reas. em 2n EMcieney 
Mean Response Permitted Range Mean Efficiency Permitted Range 
Lae: 2.54 1.78 — 3.30 11.4 8-148 
°C) 8.39 5.87 — 10.91 33.6 23.5 —43.7 
47Bm* TBA TBA 18.9 13.2 — 24.6 
StIY 9.74 6.82 — 12.66 34.5 24.2 —44.9 
NCO 6.64 6.49 - 8.63 27.6 19.3 - 35.9 
m.Gs* 8.46 5.92 -—11 32.8 23 — 42.7 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


c. Check Source Response. Place the ““U UAC 1623 centrally on the probe grid and the 
record the response on the calibration certificate. 


(i) | Acceptance / Pass criteria check source response should be + 20% type test data 
response. 


d. Linearity of Response. Place the small area sources listed in Required Reference 
Standards centrally in turn 3mm below the detector. Record the net response (cps) for each 
planar disc source. 
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(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 
rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 


e. Uniformity of Response. Each 10 cm’ area of the detector window must be tested by 
placing one of the small area sources listed in Required Reference Standards (preferably the 
item with the highest activity) in turn in five measurement positions and recording the 
instrument response. 


(i) Acceptance / pass criteria is that no more than 30% of the total probe area should 
have a response which is less than 30% of the mean. 


f. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is < 6 cps ina field of < 0.15 uSv.h”", H*(10) from "Cs 662 
keV. 


6. Category 2: Annual Test. Complete all Category 1 tests with the exception of the Uniformity of 
Response Test 5.e. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 5.c. 


(i) Acceptance / Pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 59 710C Lead Castle + BP4 Probe 


Function Low Background Beta Contamination Monitor 


Publications A: NE Technology Instruction Manual Beta Probe BP4 
B: NE Technology Instruction Manual 710 (refers to pre-mod item) 
C: Ratemeter Manual (Dependant on instrument used) 


NSN  6665-99-765-7402 
Required Reference Standards 
All must be emission rate calibrated: 


Extended area 
‘4c Amersham code CFR 05022; 


3®C] Amersham code CIR 05022; 

°Sr/Y Amersham code SIR 05022; 

®0Co Amersham code CKR 05022: 

*7Cs Amersham code CDR 05022. 
Small area (16mm Active Diameter) 

SHY Type WRS 1/E Amersham code SIR 01011, SIR 01021 and SIR 01031. 
Description 


1. The 710C lead castle is a historic unit, which has been modified 
to accept a BP4 series beta probe by means of a hole being 
bored through the lid and restraining collets fitted. When 
connected to a compatible ratemeter the unit can be used as a 
low background, beta contamination monitor. The 710C lead 
castle weighs 52.27kg (approx.) and stands 280mm high (not 
including beta probe), the unit has four shelf positions. Shelf 1 
sits 14.3mm below the detector, shelf 2 sits 27.0mm below the 
detector, shelf 3 sits 39.7mm below the detector and shelf 4 sits 
52.4mm_ below the detector. The BP4 probe has a nominal 
window size of 19.6 cm’ and uses an anthracene scintillation 
phosphor mounted on a Perspex light guide. The unit connects to 
the ratemeter via a PET100 connector. 


Probe Active Area: 19.6 cm? 


Controls 
BP4 Fitted in 71 I 
2. Acomprehensive summary of the unit and ratemeter functions is itted:In'7100 Castle 
contained within the Publications, Reference A, B & C. 


Standard Test Protocol 


3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of unit and ratemeter is required appropriate subsidiary tests should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 


Note: Owing to the nature of the unit and the shelf spacing it is necessary to calibrate the 
unit as a complete fixture and not just the BP4 as a single item removed from the castle. 
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Pre-radiation Tests, Electrical and Physical Examination. 


4 


The following tests must be undertaken prior to both Category 1 and 2 tests. 

a. Battery test. Check meter battery indication. Replace as necessary. 

b. Mechanical checks. Check mechanical integrity of probe, castle and ratemeter case, 
ensuring there is no physical damage, particular attention should be given to the door hinge 
assembly. Check all cables, and cable connections and probe window. Replace as 
necessary. 


c. Check operation of all controls 


Radiation Tests 


5. 


Category 1 Test: Test before First Use. These tests must be undertaken on each probe before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three observations of the surface contamination response 
should be made. 


Note: The BP4 series of beta probe and ratemeter operational voltage should be 
determined prior to this test, following the procedure given in publication A. Precise plateau 
characteristics will be probe and ratemeter dependent and must be determined for each 
combination. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change 
in background should be observed, this is awkward but can be achieved by opening the 
castle door and exposing a bright light to the probe. Record the probe’s response to one of 
the small area sources listed in Required Reference Standards, with and without the 
presence of the light source. 


(i) Acceptance / pass criteria is that the background count should not be elevated and 
the response to the source should not be affected by the presence of the light. 


b. Response To Beta Contamination. The responses detailed below are for the specified 
reference standards, with a source to detector separation determined by the shelf spacing. 
Details of the derivation of contamination responses (cps per Bq.cm?) and equivalent 2 x 
efficiency (%) are given in part 2 of JSP 425. Responses must be determined for all nuclides 
listed. Details are given below for type test responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


Nuclide es 2n ae 
Mean Response Mean Efficiency 
Shelf1  Shelf2  Shelf3  Shelf4. Shelf1 Shelf2  Shelf3 Shelf 4 
nC TBA TBA TBA TBA TBA TBA TBA TBA 
=Cl TBA TBA TBA TBA TBA TBA TBA TBA 
SY TBA TBA TBA TBA TBA TBA TBA TBA 
Co TBA TBA TBA TBA TBA TBA TBA TBA 
whess TBA TBA TBA TBA TBA TBA TBA TBA 
(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 
c. Check Source Response. (No check source is currently assigned to this unit.) 
d. Linearity of Response. Place the small area sources listed in Required Reference 


Standards centrally in turn on each shelf position. Record the net response (cps) for each 
planar disc source. 
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(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 
rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30% for each of the shelf positions. 


e. Uniformity of Response. A uniformity check is not required on this probe due to its small 
active area. 


f. Background Count Rate. Remove any sources from the castle and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is < 5 cps in a field of < 0.15 uSv.h”, H*(10) from '°’Cs 662 
keV. 


6. Category 2: Annual Test. Complete all Category 1 tests. 
(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 5.c. 


(i) Acceptance / Pass criteria check source response should be + 20% of the response 
recorded at Para. 5.c. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol60 Doserate Meter RADIAC Type PDRM82C 


Function High Level Doserate Meter 
Publications A 

NSN = 6665-99-225-4087 

Description 


1. The PDRM82C is a rugged, hand 
held, water-resistant doserate 
instrument scaled in cGy/hr in air, ona 
digital auto ranging scale. The 
detector is contained within a black 
cylindrical housing at the end of a 
flying lead connected via a threaded 
connector at the base of the 
instrument. The unit requires 3 C- 
Cells and the function of the unit is 
controlled by rotation of the battery 
compartment lid. 


PDRM82C 


Controls 
2. The instrument is controlled via the battery compartment lid. 


Position 1 BATT ACCESS, Allows removal of compartment lid on lanyard. 

Position 2 OFF, with batteries inserted turning the lid clockwise whilst applying slight 
pressure allows unit to sit in “OFF” position. 

Position 3 ON, with the unit in this position it will run through a short self-test. 


Standard Test Protocol 

3. All tests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination. 

4. The following tests must be undertaken prior to both category 1 and 2 tests. 


Check unit for visible damage. 

Check battery cover and lanyard for damage including internal copper terminals, 

Check display. 

Check probe housing and cable for damage. 

Inspect the battery box cover seal for damage. 

Functional Check. Switch the unit on and a self-test routine will activate. The unit will power 
all segments of the LCD display followed by the word “tES.t". On successful completion of 
the self-test the unit will display 0.0 with a flashing decimal point. 


moeaoco 


Radiation Tests 

5. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service for the first time and also if any major repair or modification, which 
may have altered the response of the detector is made. 


Note: The probe should be positioned to receive the radiation beam from the side. 


a. Background Dose Rate. Owing to the nature of the instrument range, the reading for 
background is zero. 
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(i) If a reading greater than zero is observed, the problem should be looked into. 


b. Response to High Dose Rates. Expose the instrument to a dose rate in excess of that 
which it could reasonably encounter in the work place for at least 30 seconds. 


(i) Acceptance / Pass criteria the instrument should maintain the reading through out the 
test. If the instrument reaches full-scale deflection no evidence of fold over is to be shown. 


Note: Where possible, instruments should be overload tested at 10 times the maximum 
scale indication. It is recognised that for a number of test houses/Instruments this is 
impracticable. In these instances instruments should be tested at 5 or 10 times the maximum 
credible dose rate to which the instrument could be exposed. These instruments shall be 
labelled "limited calibration" and the calibration certificate shall clearly state the limits of the 
overload and range testing. 


c. Check Source Response. No check source is currently assigned to the PDRM82C. 


d. Linearity of Response. (*"Cs) Expose the instrument to a range of dose rates and record 
the observed measurements. At least three repeat measurements of the observed dose rate 


response should be carried out. 


Note: As a minimum, 1 reading for each decade within the type test data range shown should 


be tested. 
Dose Rate 37s Permitted Range 
cGylh 
50 cGy.h" 35 — 6.5 cGy.h" 
25 cGy.h" 17.5 — 32.5 cGy.h" 
10 cGy.h" 7-13 cGy.h" 
5 cGy.h"' 3.5 —6.5 cGy.h" 
1 cGy.h"' 0.7 — 1.3 cGy.h"' 
(ii) Acceptance / Pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


e. Energy Response Test at 60 keV (60 keV 241m). Due to the nature of the high doserate 
levels required for this instrument it is impractical to undertake an energy response test. 


f. Directional Dependency at 60 keV (7“‘Am or 65 keV ISO X-ray Quality.) Due to the nature 
of the high doserate levels required for this instrument, it is impractical to undertake a 
directional dependency test. 
6. Category 2: Annual Test. Complete all category 1 tests. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. On power up the instrument will run though a short 
self test. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 61 Doserate Meter RADIAC Type PDRM82D 


Function High Level Doserate meter 
Publications A 
Description 


1. The PDRM82D is a rugged, hand held, water- 
resistant doserate instrument scaled in cGy/hr in air, 
on a digital auto ranging scale. The ratemeter unit is 
housed in a shock proof housing. The detector is 
contained within a green cylindrical housing at the 
end of a coiled lead which is hardwired at the base of 
the instrument. An audio sounder is supplied via an 
additional coiled cable and provides audible indication 
of the Doserate. The unit requires 3 C-Cells for 
operation, all unit functionality is controlled by rotation 
of the battery compartment lid. 


PDRM82D 


Controls 
2. The instrument is controlled via the battery compartment lid. 


Position 1 BATT ACCESS, Allows removal of compartment lid on lanyard. 

Position 2 OFF, with batteries inserted turning the lid clockwise whilst applying slight 
pressure allows unit to sit in “OFF” position, 

Position 3 ON, with the unit in this position it will run through a short self-test. 


Standard Test Protocol 

3. All tests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination. 

4. These tests must be undertaken prior to both category 1 and 2 tests. 


Check unit for visible damage. 

Check battery cover and lanyard for damage including internal copper terminals. 

Check display. 

Check probe housing and cable for damage. 

Check Audio unit and cable for damage. 

Inspect the battery box cover seal for damage. 

Functional Check, Switch the unit on and a self-test routine will activate, The unit will power 
all segments of the LCD display followed by the word “tES.t". On successful completion of 
the self-test the unit will display 0.0 with a flashing decimal point. 


arpaoce 


Radiation Tests 

5. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service for the first time and also if any major repair or modification, which 
may have altered the response of the detector is made. 


Note: The probe should be positioned to receive the radiation beam from the side, within 
the striped region. 


a. Background Dose Rate. Owing to the nature of the instrument range, the reading for 
background is zero. 


(i) If a reading greater than zero is observed, the problem should be looked into. 
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b. Response to High Dose Rates. Expose the instrument to a dose rate in excess of that 
which it could reasonably encounter in the work place for at least 30 seconds. 


(i) Acceptance / Pass criteria the instrument should maintain the reading through out the 
test. If the instrument reaches full-scale deflection no evidence of fold over is to be 
shown. 


Note: Where possible, instruments should be overload tested at 10 times the maximum 
scale indication. It is recognised that for a number of test houses/Instruments this is 
impracticable. In these instances instruments should be tested at 5 or 10 times the maximum 
credible dose rate to which the instrument could be exposed. These instruments shall be 
labelled "limited calibration" and the calibration certificate shall clearly state the limits of the 
overload and range testing. 


c. Check Source Response. No check source is currently assigned to the PDRM82D. 


d. Linearity of Response. (*"Cs) Expose the instrument to a range of dose rates and record 
the observed measurements. At least three repeat measurements of the observed dose rate 


response should be carried out. 


Note: As a minimum, 1 reading for each decade within the type test data range shown should 


be tested. 
Dose Rate '37Cs Permitted Range 
cGylh 
5000 pGy.h" 3500 — 6500 uGy.h" 
500 yGy.h" 350 — 650 yGy.h" 
100 yGy.h"' 70 — 130 pGy.h" 
25 uGy.h" 17.5 — 32.5 Gy.h" 
10 uGy.h" 7 —13 yGy.h" 
5 uGy.h" 3.5 — 6.5 pGy.h" 
(iii) Acceptance / Pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 


e. Energy Response Test at 60 keV (60 keV 7“‘Am). Expose the instrument to a 60 keV 
2“",am radiation field at an air kerma rate of 25uGy.h” or 100uSv.h". 


241 


Air Kerma Rate Am Permitted Range 


Gy (air) Gy (air) 
25uGy.h" 24.2 - 36.3 uGy.h" 
100uGy.h" + 30% 


f. Directional Dependency at 60 keV (‘Am or 65 keV ISO X-ray Quality). Expose the 
instrument to *'Am or 65 keV ISO X-ray Quality radiation field at an air kerma rate of 
25yuGy.h" / or 100 uSv.h" the expected polar responses are shown in Figure 1. 

6. Category 2: Annual Test. Complete all category 1 tests. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. On power up the instrument will run though a short 
self test. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Protocol 75 Thermo Electron Mini Rad 1000 RA 


Function Low Level Gamma Survey Monitor 


Publications A: Thermo Electron Corporation Instruction Manual, 1000 Series: Covering 
1000RA, 1000RMA and 1000RLA Radiation Monitors 


NSN TBA 
Description 


1. The Mini 1000RA is a portable, low-level, gamma survey 
monitor, using an internal, energy compensated, Geiger- 
Muller detector. The useful energy range for ambient dose 
equivalent H*(10) measurement, is 50keV to 1.25 MeV 
(420% relative to '°’Cs). Dose rate is indicated on a 
logarithmically scaled meter, covering the range 0.1 uSv.h* 
to 1000 ySv.h". 


Controls 


2. Acomprehensive summary of the dose rate meter functions is contained within the operating 
manual, References A. 


Standard Test Protocol 

3. All tests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination, 

4. These tests must be undertaken prior to both category 1 and 2 tests. 


a. Battery test. Check meter battery indication, condition of battery compartment and 
terminations. Replace as necessary. 


b. Mechanical checks. Inspect the analogue meter and face for signs of fading and damage to 
both glass and bezel. Ensure the handle and rotary control knob are free from damage and 
are securely attached to the unit. Replace defective parts as necessary. 


c. Alarm Set Point. Select the “set alm” position using the rotary control knob, using a flat head 
screw driver adjust the “adj alarm” potentiometer until the meter displays 10uSv/h. 


Radiation Tests 

5. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
prior to introduction to service for the first time and also if any major repair or modification which 
may have altered the response of the detector is made. All radiological testing should be 
undertaken with the unit in the “on” position i.e. On with Audio. 


a. Background Dose Rate. Remove the instrument from sources and record the instrument 
background dose rate. 


(i) Acceptance / Pass criteria is + 10% of known low dose rate area dose rate. 


b. Response to High Dose Rates. Expose the instrument to a dose rate in excess 10 mSv.h" 
for at least thirty seconds. 


(i) Acceptance / Pass criteria - The instrument should maintain full scale deflection 
throughout the test, accompanied by an audible alarm. 


c. Check Source Response. (no check source is currently assigned to this unit) 
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d. Linearity of Response. (Cs) Expose the instrument to a range of dose rates and record 
the observed measurements. Atleast three repeat measurements of the instrument response 
should be recorded. 


Note: As a minimum, 1 reading of each decade within the type test data range shown should 


be tested. 
Dose Rate *37Cs Permitted Range 
H*(10) H*(10) 
500 pSv.h" 350 — 650 uSv.h" (see note) 
100 pSv.h™ 70 — 130 ySv.h" (see note) 
25 uSv.h" 17.5 — 32.5 uSv.h" (see note) 
7.5 pSv.h" 5.25 — 9.75 Sv.h" 
2.5 uSv.h" 1.75 — 3,25 pSv.h* 
Note: The unit should alarm during the 25, 100 and 500uSvih exposures. 
(i) Acceptance / Pass criteria — The instrument response must be within + 30% of the 
reference doserate. The unit should also issue an audible alarm on the relevant 
exposures. 


® Energy Response Test at 60 keV (60 keV “'Am). Expose the instrument to a 60 keV “Am 


radiation field at a dose rate of H*(10) 25 ySv.h” or 100 ySv.h". 


Dose Rate 21am Permitted Range 
H*(10) H*(10) 
25 uSv.h" 17.5 — 32.5 pSv.h" 
100 pSv.h" + 30% 
(i) Acceptance / Pass criteria — The instrument response must be within the permitted 


ranges shown above. 


f. Directional Dependency at 60 keV (*“‘Am or 65 keV ISO X-ray Quality). Expose the 
instrument to **'Am or 65 keV ISO X-ray Quality radiation field at a dose rate of 25ySv.h™ / or 
100 ySv.h" the expected polar responses are shown in Figure 1. 


Left-hand (+90°) to Normal direction of 
the direction of incident radiation 
incident radiation (1.00) 


(0.63 +30%) ~ 


Right-hand (-90°) to 
the direction of 

. incident radiation 

Figure 1 — Directional Dependency Data (0.65 30%) 
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6. Category 2: Annual Test. Complete all category 1 tests with the exception of the Directional 
Dependency Test reported at para 5.f. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


7. Category 3: Test Before Operational Use. Complete Category 1 test Check Source Response 
at paragraph 5.c. 


(i) Acceptance / pass criteria — The instrument response should be +30% of the values 
recorded for the Category 1 test. 


Certification (Qualified Person authorisation required) 


8. Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 


Protocol 80 


Function 


Publications 


NSN 


Mini Monitor Series 900 Ratemeter with 42a Probe 


Photon Surface Contamination Monitor 


A: AP112G-1325-0 Mini Monitor 900 Series 


B: Instrument Operating handbook Series 900 Scintillation Mini Monitor with 


types 41, 42A/B & 44A/B probes. 
TBA 


Required Reference Standards 


All must be emission rate calibrated except UAC 1623 Check Source: 


Extended Area: 


55Fe Photon Reference Source Amersham code IERB 4536; 
*58bu Photon Reference Source Amersham code PPRB 4472; 
91 Photon Reference Source Amersham code ISRB 4474; 
2414m Photon Reference Source Amersham code AMRB4473; 
°7Co Photon Reference Source Amersham code CTRB3504; 


'87Cs Photon Reference Source Amersham code CDRB4475; 


®°Co Photon Reference Source Amersham code CKRB4476; 


Small area (16mm Active Diameter) 


Check Source 


Description 


°Sr/Y Type WRS 1/E Amersham code SIR 01011, SIR 01021 and SIR 01031. 


Na'y Amersham code UAC 1623 NSN 6665-99-193-3906 


1. 


The Series 900 is a common rate meter, when used with 
the 42a probe is scaled from 0-5 kcps. The unit has a 
control knob on the front panel allowing the following 
operations, OFF, BAT, ON and ON WITH MUTED AUDIO. 
The battery check is displayed on the green and white band 
of the meter. The unit has an alarm function which is set 
using the SET ALARM potentiometer on the front of the unit 
(a source is required for this procedure), The 42a, Photon 
contamination probe contains an Aluminium windowed 
sodium iodide crystal 1mm thick, 23mm diameter coupled 
to a high gain photo multiplier. The housing is of spun 
Aluminium construction containing shielding to give greater 
directionality whilst in use. 


Probe Active Area: X cm? 


Controls 


2. Acomprehensive summary of the ratemeter functions is contained within the Publications, 


Reference A & B. 
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Standard Test Protocol 


3. All tests should be recorded for Qualified Person inspection and certificate production. This 
protocol is specifically designed for dedicated probe and ratemeter combinations. Where 
separate testing of probe and ratemeter is required appropriate subsidiary tests should be 
completed, to confirm suitability of replacement probe or ratemeter. These tests may be derived 
from those detailed in this protocol. 


Pre-radiation Tests, Electrical and Physical Examination. 
4. These tests must be undertaken prior to both category 1 and 2 tests. 


a. Battery test. Check meter battery indication and condition of battery compartment and 
terminations. Replace as necessary. 


b. Mechanical checks. Check mechanical integrity of ratemeter case, cables, and cable 
connections, probe case and window. Replace as necessary. 


c. Check operation of all controls 
Radiation Tests 


5. Category 1 Test: Test before First Use. These tests must be undertaken on each unit before 
introduction into service for the first time. They must also be carried out after any repair that may 
have altered probe response. At least three repeat measurements of surface contamination 
response should be recorded. 


Note: The operating voltage of the Series 900 and 42a is preset by the manufacturer and 
should only be altered if the unit response to *’Fe is low, this operation requires the front panel to 
be removed and internal potentiometers adjusted. 


a. Light Sensitivity. The probe should be exposed to an appropriate light source, any change in 
background should be observed. Check the probe response to one of the small area sources 
listed in para 1, with and without the presence of the light source. 


(i) Acceptance / pass criteria is that the background count should not be elevated and the 
response to the sources should not be affected by the presence of the light. 


b. Response To Photon Contamination. The responses detailed below are for the specified 
reference standards, with a source to detector grille separation of 3 mm. Details of the 
derivation of contamination responses (cps per Bg.cm’) and equivalent 2 x efficiency (%) are 
given in part 2 of JSP 425. Responses must be determined for all nuclides listed. Details are 
given below for type test responses. 


Note: Nuclide's identified by a * are desirable for category two tests only. 


sclide siya au 2n Emiciency 
Mean Permitted Mean Permitted Range 
Response Range Efficiency 

Fe TBA TBA TBA TBA 
88By TBA TBA TBA TBA 

ba TBA TBA TBA TBA 
Am TBA TBA TBA TBA 

"Co TBA TBA TBA TBA 
Hi Cs* TBA TBA TBA TBA 

SC6 TBA TBA TBA TBA 

(i) Acceptance / pass criteria is instrument response within + 30% i.e. within the 


permitted ranges shown above. 
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c. Check Source Response. When the source is in its container it visibly has a thick end and 
a thin end, Place the probe in contact with the thin end of the Check Source (““U Amersham 
code UAC 1623 NSN 6665-99-193-3906) centrally in contact with the end of the 42a probe 
and record the result on the calibration certificate. 


d. Linearity of Response. Place the small area sources listed in para 1 centrally in turn 3mm 
below the detector. Record the net response (cps) for each planar disc source. 


(i) Acceptance / pass criteria are that the ratio of indicated response to source emission 
rate should be determined for each of the three sources. Each individual ratio should 
agree with the mean of all three ratios to within + 30%. 


e. Uniformity of Response. A uniformity check is not required on this probe due to its small 
active area. 


f. Background Count Rate. Remove the probe from the sources and record the monitor 
background count rate. 


(i) Acceptance / pass criteria is a background level of approx. 2-8 cps in a field of < 0.15 
uSv.h™, H*(10) from '°’Cs 662 keV. 


7. Category 2: Annual Test. Complete all category 1 tests with the exception of the Uniformity of 
Response Test 6.e. 


(i) Acceptance / pass criteria are the same as Category 1 tests. 


8. Category 3: Test Before Operational Use. Complete Category 1 test “Check Source Response” 
at paragraph 6.c. 


(i) Acceptance / Pass criteria check source response should be + 20% of the response 
recorded at Para. 6.c. 


9. Certification (Qualified Person authorisation required) 


Certificate test results as appropriate. Failed instruments must be re-tested after repair using 
Category 1 or Category 2 test protocols as dictated by the nature of the repair. 
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Standard Radiological Monitoring Instrument Statutory Test 
Protocol 84 RAE 2000 —- DoseRAE(P) 


Function Personal Electronic Dosimeter 


Publications A: DEP (Number TBA) 
B: Manufactures Manual 


NSN 6665-01-548-5037 

Required Reference Standards 

Gamma Reference Standards - All Sources shall offer traceability to national standards. 
Cs-137 and Am-241* 

X-radiations - All irradiations shall offer traceability to national standards. 
ISO Narrow Series X — Radiation — 65 keV * 

*Am-241 or 65 keV X-Radiation maybe used for energy response testing. 

Equipment Overview 


Description and Use: The RAE2000 offers a r 
control dosimeter capability for real time dose 
assessment and provides the user with dose and 
dose rate alarm functions, This device is not 
intended to provide data for legal dose records. 
Physical Construction: The unit is constructed 
from high impact plastic and comprises a top 
mounted backlit LCD display. 

Detector Type: Miniature GM Tube 

Dose Range: 0 pSv — 9.99 Sv 

Energy Range: 55 keV — 6Mev 


Controls 
1. Acomprehensive summary of dosimeter functionality is contained within ‘Publications’ A & B. 
Standard Test Protocol 
2. Alltests should be recorded for Qualified Person inspection and certificate production. 
Pre-radiation Tests, Electrical and Physical Examination. 
3. The following tests must be undertaken prior to both Category 1 and 2 tests. 
a. Battery tests. 
Ensure batteries are in good order and provide the necessary voltage for operation, where a 
steady / flashing battery icon indicator is observed in the display the batteries should be 
replaced. 
Replace as necessary. 
b, Mechanical checks. 
Check the mechanical integrity of instrument ensuring the case is free from cracks, the 
mounting clip and push buttons are fit for purpose and the LCD display is easily readable and 
does not show signs of segment ‘bleed’. 


Replace defective parts as necessary. 
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c. Energise the unit and check operation of all controls 
Radiation Tests 
4. Category 1 Test: Test before First Use. These tests must be undertaken on each instrument 
before introduction into service, the test regime must also be employed where 
repairs/modifications may have altered detector response. 
a. Drift Test 
Reset the unit following instructions provided in ‘Publications’ A & B and leave the unit under 
test (UUT) in a known low background environment for a period of 12 hours. 
Record the instrument response after 12 hours. 
(i) Acceptance / Pass criteria - Instrument response should reflect < 4uSv. 
b. Dose Linearity ("*’Cs) — Doses should be delivered to Hp10 qualities. 
Reset the accumulated dose and configure the unit to provide a dose indication, using a 
PMMA phantom assembly orientate the dosimeter at the facility point of reference such that it 


represents operational geometry. 


Using the doserates specified in the table below and a suitable exposure time, irradiate the 
dosimeters to the target doses. 


On completion of each exposure record the observed reading on the calibration certificate. 


Reference Doserate Target Dose 
Low Dose <100uSv/h >10uSv / <100uSv 
High Dose >10mSv/h >500uSv 
(i) Acceptance / Pass criteria — Instrument responses shall reflect conformity to within 


+30%of delivered reference doses. 
c. Energy Response Test - (‘Am or 65 keV ISO Narrow Series X-ray Quality) 


Reset the accumulated dose and expose the UUT to a doserate / time combination used 


during the ‘Dose Linearity’ testing. Record the observed reading and calculate a response 


ratio to the “Cs value. 

(i) Acceptance / Pass criteria — The '°’Cs:’Tested energy’ response shall indicate a ratio 
of 1:1.30 (30%) when exposed to the same dose 
achieved using the same rate / time utilised during 
linearity testing, an example is provided below. 

Example 3765 Response Example — Energy’ Permitted 
ange 
Hp(10) Hp(10) 
25 uSv 22.75 — 42.25 uSv 
d. Directional Dependency - (7“‘Am or 65 keV ISO Narrow Series X-ray Quality) 


Reset the accumulated dose and expose the UUT in the -45° and +45° orientation (as shown 
below) to the doserate / time combination used during the ‘Energy Response Testing’, record 
the observed reading and calculate a response ratio for each angle using the frontal response 
as the unity value. 
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The figures in brackets are the 
expected responses normalized to 
that tO degtees incidenoe (Le. The 
normal dredon of incident radiation) 
find hetolerancs lvl 


Fight handside 
tivedion of ident 
taditon 
(0.460) 


Ltehand side 
ivestion of ncdent 
tatlation 
oan) 

Normal direction of 
inoldent radiation 
(1.00) 


Figure 9. Expected Directional Dependency 


() Acceptance / Pass criteria - The responses shall reflect the responses detailed in 
Figure 1. 


5. Category 2: Annual Test, 
Complete all Category 1 tests except Directional Dependency Test 4.d 


(Acceptance / Pass criteria - Criteria reflects those noted for Category 1 tests. 

Certification (Qualified Person authorisation required) 

6. Certificate all test results, failed instruments must be certified with a relevant failure certificate and 
retested after repair using Category 1 or Category 2 test protocols as dictated by the nature of 
the repair, 

Labelling 

7. The DoseRAE(P) is designed to connect via capacitive transfer to a SAIC PDR-1 reader, 
therefore itis imperative that the frontal portion of the dosimeter is not obstructed by a calibration 


label. All labels should be attached to the unit using a plastic ‘dog tag’ assembly using a plastic 
lanyard or cable tie. 
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List of Common Radioactive Items Which Require Leak Testing 


Type and Original 


Radioactive source quantity of Leak Test 
type Stores or NATO catalogue no. radioactive Required 
material 
ia a ome 0552/F12Z 6665-99-911-0015 18.5 MBq Ra-226 Yes 
CBRN traini 37 MBg Co-60 
Le oe 0552/F12Z 6665-99-911-0016 (total) Yes 
type B 
=a faa SOUICe 0552/F12Z 6665-99-911-0017 37 MBq Co-60 Yes 
on eas cts 0552/F12Z 6665-99-911-0018 185 MBq Co-60 Yes 
CBRN ae source 0552/F12Z 6665-99-911-0019 925 MBq Co-60 Yes 
CBRN training source 0552/F12Z 6665-99-911-0098 eetieacees oes 
type G 
CBRN training source 6665-99-224-7975 
type G Mk Ill 127 2247975 mea Cs ter ee 
- 0552/F 12Z 6665-99-91 1-0099 
CBRN training source 3.7 MBq Ra-226 Vee 
type H 
CBRN training source 6665-99-91 1-0097 370 Bq Ra-226 aoe 
type J 
4 111 kBq Natural 
Type 1623A K107 6665-99-193-3906 ceeeinae Yes 
NIS 322XA 12Z 114-8909 248 kBq Pu-239/ Yes 
Check source 6Z/623-2897 43.8 kBq Am-241 
IS 610 K107 6665-99-376-2459 24 kBg Am-241 Yes 
Check source 6Z/623-2897 46 kBq Am-241 Yes 
Calibrator for PDRM 6665-99-628-0572 555 MBq Sr-90 Yes 
Test Mk 13NJ sample K104/0552/6665-99-733-5728 11.1 kBq Sr-90 Yes 
Test Mk 16NJ sample K104/0552/6665-99-795-2016 555 kBq Sr-90 Yes 
Mk 18NJ jig and source K104/0552/6665-99-721-2707 22 kBq Sr-90 Yes 
* Test Mk 20NJ source K104/6665-99-736-4922 37 kBq Pu-239 Yes 
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List of Common Radioactive Items Which Require Leak Testing 


(continued) 


Type and Original 


Radioactive source quantity of Leak Test 
type Stores or NATO catalogue no. radioactive Required 
material 
Cal let pedue Not patternised 222 kBg Pu-239 Yes 
Mk 2NCS 
Calibration jig and 
source AERE Type Not patternised bac aa Yes 
1546A test 
IM 192 (APD) 0552/6665-00-691-2840 a0 uae aaa % Yes 
Source CFR 3 K107/4940-99-640-5477 37 kBq/g C-14 Yes 
* Source AMR 2402 K107/4940-99-640-5476 740 Bq Am-241 Yes 
L1A1 (Proban) Z5 6665-99-224-8293 111.0 MBq Cd-109 Yes 
L3A1 (HED) Z5 6665-99-224-8294 1.2 MBq Cf-252 Yes 
*L4A1 (BED) Z5 6665-99-224-9015 370 MBq Ni-63 Yes 
* LOA1 (COT) Z5 6665-99-967-0491 370 MBq Ni-63 Yes 
2.0 GBq Am- 
- NU 6635-99-739-7235 241/Be Yes 
370 MBq Cs-137 Yes 
TK30 WO8 6635-99-785-5723 1.4 TBq Co-60 Yes 
Source in adjusted 
assembly Z8 6665-99-1 19-6940 12.95 MBq Sr-90 Yes 
12.95 MBq Sr-90 
Dose meter (PDRM) Z8 6665-99-1 19-8766 40.7 MBq H-3 Yes 
Leakmeter Model 61 6625-99-654-0124 370 MBq Ni-63 Yes 
. ' . See 
Chemical agent monitor Z8 6665-99-225-3521 370 MBq Ni-63 Leaflet 20 
: See 
MCAD 6665-99-809-0326 555 MBq Ni-63 Leaflet 20 
: See 
COLPRO CAM 6665-99-609-8640 555 MBq Ni-63 Leaflet 20 
See 
GID-3 6665-99-292-4508 740 MBq Ni-63 Leaflet 20 
Otto fuel monitor Z8 1065-99-765-5786 370 MBq Ni-63 eee 
Leaflet 20 
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List of Common Radioactive Items Which Require Leak Testing 
(continued) 


Type and Original 
Radioactive source quantity of Leak Test 
type Stores or NATO catalogue no. radioactive Required 
material 
Meter survey radiac Z8 6665-99-91 1-0123 18.5 kBq Sr-90 Yes 
K103/6665-99-037-0455 
SIC MK10 NHA K103/ 6665-99-197-1894 370MBgq Ni-63 Yes (annual) 
K103/ 6665-99-917-1194 
Mk 22NRS (SIRS) (Mk Sagionae i 
28 NH detector) K101/0552/6665-99-733-5339 1.1 kBq Sr-90 No 
Mk22 NRS (SIRS) (Mk Sr ‘ 
29 NH detector) K101/0552/6665-99-733-1142 2.6 MBq Sr-90 Yes 
Mk 1 NRS (SIRS) (Mk 3 tig eae ; 
NH detector) K101/0552/6665-99-462-3935 18.5 MBq Sr-90 Yes 
Mk 10 NXS Th232 
check sauna K104/6665/01/441/0980 1.11 kBg Th-232 Yes 
Gamma Alarm Monitor 
PNI 1248 K104/6665-99-538-9196 1.1 kBq Sr-90 Yes 
Test Mk 18 NJ Source K104/6665-99-721-2707 22.2 kBq Sr-90 Yes 
*TEST MK 7NXS Yes 
SAMPLE K104/6665-99-736-2887 50 Bg Am-241 
Test Source Pu-239 K107/6665-99-664-2456 220 Bq Pu-239 Yes 
Max 3 kBgSr-90 Yes 
Check Source Set 7 Max 3 kBqCo-60 
Piece K104/6665-99-361-2834 1 kBq Am-241 
1 kBq C-14 
Check Source Set 3 1 kBq Sr-90 Yes 
Piece K104/6665-99-549-9499 4 kBg Am-241 
Smoke Detectors Various Am-241 See Leaflet 18 


* Sources are fragile and could be damaged by direct leak testing. Leak tests are to therefore 
only be carried out on the inside of the container in which the source is stored, following the 
procedure described in local orders or as agreed with the RPA. There is no minimum activity 
for a source below which a leak test is not required on a sealed source. However, where it is 
indicated that a source does not require leak testing, this decision has been made on the basis 
that 100% ingestion of the source would not result in a dose greater than 0.1 mSv and 
therefore poses a trivial radiological hazard. 
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Example Summary Radiation Risk Assessment 


1623a Natural Uranium Check Source 


1623A Natural uranium check source 


Description 
The check source is a disc of natural uranium (23.1 mm diameter, 
1.12 mm thick) mounted in an aluminium container. The container lid 
is unscrewed to reveal the source, which is bonded to the circular 
aluminium base block. 
NOTE: These check sources have been modified with a steel ring and 
four screws to hold the source more securely. Please contact your 
RPA if your check source is not the modified version shown above. 

Use Used in the functional testing of a wide range of radiation protection 
instruments. 

Supplier AEA Technology QSA 

NSN / part number K107-6665-99-193-3906 

DT Chemical Biological Radiological Nuclear (CBRN) 

Radionuclide Natural uranium (Nat-U) 


Alpha, beta and gamma and X-ray radiation is emitted from the source. 
lonising radiation Natural uranium contains 0.72% uranium- 235, 0.006% uranium-234 
and 99.274% uranium-238. 


Half life ~ 4,5x10° years for uranium 238 


Original activity 111 kBq 


The alpha radiation of the uranium isotopes in the source, present an 
internal radiation hazard on ingestion or inhalation of the natural 
Hazard uranium. The beta radiation of some of the decay products present in 
the source, together with the weak gamma radiation emitted by all 
nuclides, present an external radiation hazard. 
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Risk assessment 


During the functional testing on a wide range of radiation protection 
instruments, the radioactive source will be exposed for a short period 
only and will be directed away from the body. The most significant 
dose rate will be to the hand of the operator and will be shielded by the 
source housing. In this configuration the maximum dose rate to the 
hand is 1.5 uSv/hr. As the check source may be used on a daily basis, 
and a functional test is estimated to take 30 seconds, the maximum 
theoretical skin dose for a working year is estimated to be 5 uSv/hr. 
Whole body effective dose would be very much less than this value. 


Local orders 


Details of the control measures taken from this leaflet are to be 
included in the local orders for radiation safety (Leaflet 16 refers). 


Control measures 
during use 


There is no requirement to unscrew the source lid when function 
testing an instrument that measures gamma radiation. The unopened 
source container should be placed against the radiation monitoring 
instrument to obtain a reading. If necessary, the lid should be 
unscrewed for use to check the function of particular type of instrument 
(e.g. alpha or beta contamination probe). In this case, the radiation 
monitoring instrument or detector is to be placed against the outer 
casing or close to (but not touching) the surface of the uranium disc to 
obtain a reading. This item is not to be carried on the person and 
handling of the item is to be kept to a minimum. The spread of 
contamination and the likelihood of any resultant personal 
contamination will be minimised where practicable by wearing 
disposable gloves when using the source and washing hands 
immediately afterwards as a precautionary measure. 


Leak testing 


Leak testing is required at least every 24 months. 


This item is to be accounted for on a Radioactive Source List (Leaflet 9 
refers) under the supervision of an RPS or WPS (RAM). 


Accounting All radioactive material is to be mustered at least monthly. Any change 
of location is to be entered in the Source Movement Log together with 
any change in custodian. 

EPR10/RSA93 This item is exempt from notification to the relevant environment 


agencies under EPR10/RSAQ3. 


Annual Holdings Return 
(AHR) 


This item should be included on the AHR to Dstl ESD (Leaflet 3 refers) 


Storage and labelling 


This item is to be stored in a dedicated area for radioactive materials 
(see Leaflet 9). 

The equipment is to have the recognised radioactive trefoil and 
marking on it. 

The storage/installed area is also to have a sign showing radioactive 
material within, i.e. a radiation warning trefoil including the contact 
name and telephone number of the RPS or WPS (RAM) and stating 
the nature of the radiological hazard in appropriate languages: Items 
contain radioactive material. No radiation hazard from intact item. 
Radioactive contamination hazard if item damaged. 


Contingency plans 
breakage/loss/incident 


If a breakage occurs the area is to be cordoned off. The RSO and the 
RPA are to be contacted. 

Reporting of loss and certain other incidents are to be carried out in 
accordance with the procedures described in Leaflet 14. 


Transport 


May be transported as an excepted package. 


Disposal 


Units and Establishments are to return this item, unbroken, through the 
Stores Organisation. 
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